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Mi:^UTES. 


The  fifth  triennial  session  of  the  Congress  of  American 
Physicians  and  Surgeons  was  held  in  the  Lafayette  Square  Opera 
House,  Washington,  D.  C,  May  ist  and  2nd,  1900. 

The  meeting  was  called  to  order  at  2.45  p.  m.,  May  ist  by  the 
President,  Prof.  Henry  T.  Bowditch,  M.D.,  in  the  chair. 

The  President: — I  am  compelled  to  introduce  myself  and 
announce  the  opening  of  the  Fifth  Congress  of  American 
Physicians  and  Surgeons.  In  doing  so  I  will  ask  your  attention,  in 
the  first  place,  before  the  reading  of  the  papers,  to  announcements 
by  the  Secretary  of  the  Congress,  in  relation  to  matters  of  business. 

The  Secretary: — The  Executive  Committee  has  appointed  a 
business  meeting  to  be  held  to-morrow  afternoon  at  2.45  to  take  into 
consideration  the  question  of  memorializing  Congress  with  a 
petition  which  reads  as  follows : — 

"For  the  appointment  by  the  President  of  a  Committee  of  three 
with  full  power  to  draw  up  and  execute  on  behalf  of  the  Congress 
of  American  Physicians  and  Surgeons  a  memorial  and  petition  to 
the  Congress  of  the  United  States  asking  that  charitable,  religious 
and  educational  institutions  be  relieved  from  such  provisions  of  the 
War  Revenue  Act  of  1898,  as  imposed  taxes  on  legacies  left  to  such 
institutions,  and  to  take  such  other  action  as  may  in  their  discretion 
seem  desirable  in  securing  such  relief." 

That  vote  will  come  up  for  action  to-morrow  at  2.45. 

The  Secretary  of  the  Surgical  Association  requests  the  following 
vote  to  be  read  to  the  Congress. 

"By  a  vote  of  the  American  Surgical  Association,  I  am  instructed 
to  request  that  it  be  announced  at  a  meeting  of  the  Congress,  that 
Dr.  Allis'  demonstration  of  the  various  dislocations  of  the  hip,  will 
take  place  on  Wednesday  at  12  o'clock  noon,  at  1325  H  Street, 
Medical  Dept.,  Columbia  University,  and  members  of  the  Congress 
are  invited  to  be  present." 

(Signed)  H.   L.   Burrell,   M.D.,  Sec'y." 

I  am  also  requested  to  announce : 

"Delegates  to  the  National  Legislative  Conference  of  the  Ameri- 
can Medical  Association  will  meet  in  Parlor  270  of  the  Arlington 
Hotel  immediately  after  the  close  of  this  session  of  the  Congress." 


Xii  MINUTES. 

I  am  also  requested  to  announce  the  vote  of  the  Executive 
Committee,  that  the  time  of  the  reading  of  papers  be  Hmited  to 
fifteen  minutes. 

The  President  : — In  opening  the  exercises  of  this  Congress,  I 
am  acting  entirely  within  precedent  and  with  what  I  am  sure  are 
the  wishes  of  the  meeting  as  well  as  my  own  inclinations,  in  refrain- 
ing from  any  extended  remarks. 

We  have  a  long  program  this  afternoon  and  I  will  remind  the 
readers  of  the  vote  of  the  Executive  Committee,  which  the  Secretary 
has  just  read,  that  the  reading  of  the  papers  be  limited  to  fifteen 
minutes.  I  shall  consider  it  my  duty  to  enforce  this  rule  with  strict 
impartiality. 

As  to  the  question  of  discussing  the  papers,  the  matter  was 
considered  by  the  Executive  Committee  and  it  was  voted  that  the 
discussion  be  called  for  after  all  the  papers  have  been  read.  There 
will  be  a  great  many  questions  that  will  be  embraced  in  subsequent 
papers,  and  as  the  subjects  are  closely  allied,  we  will  have  the 
discussion  following  the  reading  of  all  the  papers. 

The  first  paper,  therefore,  this  afternoon  to  which  I  will  ask  your 
attention  is  by  Prof.  Theobald  Smith,  of  Boston,  Mass.,  "Adaptation 
of  Pathogenic  Bacteria  to  Different  Species  of  Animals."     (Page  i.) 

I  will  call  next  upon  Dr.  Samuel  J.  jSIeltzer,  to  read  his  paper  on 
"The  Physiological  Resources  of  the  Body  in  its  Defense  against 
Bacteria  and  their  Toxic  Products."     (Page  12.) 

The  next  paper  will  be  that  by  Prof.  Harold  C.  Ernst,  whose  paper 
is   "A  Study  of  the  ^Mechanism  of  Agglutination."     (Page  26.) 

The  next  paper  on  the  program  is  by  Dr.  Richard  C.  Cabot  on 
"Relation  of  Bacteriology^  to  Clinical  Medicine."     (Page  34.) 

The  next  paper  on  the  program  is  by  Dr.  Edward  R.  Baldwin, 
"Bacterio- Therapeutics  with  special  Reference  to  Tuberculosis." 
(Page  42.) 

The  next  reader  is  Prof.  William  S.  Thayer,  of  Baltimore,  who 
will  address  us  on  "The  Aetiology  of  Malarial  Fevers."     (Page  50.) 

The  next  paper  is  by  Professor  Simon  Flexner,  on  "Bacteriology 
of  Tropical  Dysentery." 

Professor  Flexner: — On  account  of  the  short  time,  I  will  ask 
you  to  let  me  speak  extempo  on  this  occasion  in  place  of  reading 
my  paper,  which  would  take  beyond  the  allotted  time. 

(Professor  Flexner  then  gave  a  brief  resume  of  his  paper.) 
(Paper  in  full,  page  61.) 


MINUTES.  Xlll 

The  President  : — The  general  topic  of  the  session,  namely, 
"Bacteriology  in  Health  and  Disease"  is  now  open  for  discussion. 
Are  there  any  questions  or  remarks  from  gentlemen  of  the 
Congress  ? 

[The  discussions  will  be  found  at  the  end  of  the  articles  to  which 
they  refer. — Secretary.  ] 

The  President: — Any  other  remarks  or  discussions?  If  there 
are  no  others  to  be  heard  from,  I  will  declare  the  discussion  on  this 
subject  closed. 

The  meeting  to-morrow  will  be  held — the  business  meeting  at 
2.45,  and  the  general  session  of  the  Congress  will  begin  at  three 
o'clock. 

In  regard  to  the  exercises  to-morrow,  I  am  sorry  to  say  a  letter 
has  just  been  received  from  Professor  Osier,  which  informs  me  that 
he  has  just  gone  to  Toronto  to  see  his  brother,  who  is  sick  with 
heart  disease.  There  is  no  possibility  of  his  getting  back  in  time 
to  present  his  paper.  I  would  say,  therefore,  that  we  have  but 
two  papers  to-morrow  afternoon:  The  essay  by  Dr.  Clarence  J. 
Blake,  "Sociological  Status  of  the  Physician ;"  followed  by  Dr. 
S.  Weir  Mitchell's  poem  entitled  "The  Evolution  of  the  Physician." 

The  meeting  to-morrow  I  will  say  will  be  of  much  interest  to  the 
laity  as  well  as  to  the  profession.  Special  effort  will  be  made  to 
announce  that  fact,  in  order  to  secure  a  large  attendance  of  the 
laity,  as  well  as  of  professional  men. 

Mr.  Secretary,  any  further  business? 

The   Secretary: — No   further  business. 

The  President: — I  announce  the  Congress  adjourned  until  2.45 
to-morrow  afternoon. 

Session  May  2nd,  19CXD. 
The  President  : — The  business  meeting  has  been  called  at  this 
time  in  order  to  consider  matters  of  business  brought  before  the 
Congress  yesterday.  It  was  proposed  by  vote  of  the  Executive 
Committee  to  authorize  the  President  of  the  Congress  to  appoint 
"A  Committee  of  three  with  full  power  to  draw  up  and  execute  on 
behalf  of  the  Congress  of  American  Physicians  and  Surgeons  a 
memorial  and  petition  to  the  Congress  of  the  United  States,  asking 
that  charitable,  religious  and  educational  institutions  be  relieved 
from  such  provisions  of  the  War  Revenue  Act  of  1898,  as  imposed 
taxes  on  legacies  left  to  such  institutions,  and  to  take  such  other 
action  as  mav  in  their  discretion  seem  desirable  in  securing  such 
relief." 


xiv  MINUTES. 

The  question  is  now  upon  the  recommendation  of  the  Executive 
Committee,  authorizing  the  appointment  of  that  Committee.  Are 
there  any  remarks  to  be  made  on  this  recommendation  of  the  Execu- 
tive Committee?  If  not,  the  question  is  upon  the  adoption  of  this 
recommendation  of  the  Executive  Committee.  Those  in  favor  of 
this  recommendation  of  the  Executive  Committee  will  please  say, 
"Aye";    opposed,  "No."     (Carried.     Unanimous  vote.) 

I  will  appoint  the  Committee  as  follows :  Dr.  F.  C.  Shattuck,  Dr. 
A.  Jacobi,  Dr.  William  H.  Welch. 

Is  there  any  other  business  to  come  before  the  Congress  at  this 
time? 

Dr.  W.  W.  KeeNj  of  Philadelphia : — I  desire  to  offer  the  follow- 
ing resolution : 

"Whereas,  The  medical  profession  employs  various  kinds  of 
exact  measuring  apparatus,  particularly  clinical  thermometers, 
urinometers,  lactometers,  and  volumetric  apparatus;  and 

Whereas,  The  physicians  should  be  able  to  obtain  a  written  offi- 
cial guarantee  of  the  accuracy  of  such  apparatus ;   and 

Whereas,  No  bureau  has  been  established  by  our  government 
for  this  purpose,  necessitating  the  importation  of  such  apparatus 
from  countries  possessing  standardizing  bureaus:    therefore  be  it 

Resolved,  That  the  Congress  of  American  Physicians  and 
Surgeons  heartily  endorse  the  movement  now  on  foot  establish- 
ing such  a  standardizing  bureau  where  such  work  and  other  equally 
important  work  may  be  undertaken.  , 

Resolved,  further,  That  a  copy  of  these  resolutions  be  forwarded 
to  the  Secretary  of  the  Treasury,  to  the  President  of  the  Senate, 
to  the  Speaker  of  the  House  of  Representatives  and  to  the  Chair- 
man of  the  House  Committee  on  Coinage,  Weights  and  Measures." 
Fifty-sixth  Congress,  First  Session,  House  of  Representatives, 
Document  No.  625. 

Accompanying  it  is  a  letter  from  the  Secretary  of  the  Treasury, 
endorsing  such  a  movement. 

By  the  President: — You  have  heard  the  resolution  offered  by 
Professor  Keen.  Are  there  any  remarks  to  be  made  on  this  sub- 
ject? 

By  a  Member: — Second  the  motion. 

By  the  President  : — Those  in  favor  of  the  resolution  offered 
by  Professor  Keen,  will  please  say,  "Aye";  opposed,  "No."  (Car- 
ried.    Unanimously  voted.) 


MINUTES.  XV 

Any  other  business  to  come  before  the  Congress?  (After  a 
pause.) 

If  not,  the  hour  for  the  literary  exercises  having  arrived,  we  will 
proceed  to  the  reading  of  the  papers,  unless  there  are  any  other 
suggestions  to  be  made. 

As  the  Congress  was  notified  at  the  last  meeting  held  yesterday, 
Professor  Osier  will  be  unable  to  read  his  paper,  having  been  called 
away  to  Toronto,  on  account  of  the  sickness  of  his  brother.  He 
desires  to  make  his  apolog}'  to  the  Congress  for  his  necessary 
absence. 

The  next  paper  on  the  program  for  to-day  is  an  essay  by  Dr. 
Clarence  J.  Blake,  of  Boston,  entitled,  "Sociological  Status  of  the 
Physician."     (Page  73.) 

The  President: — Now,  gentlemen,  it  is  my  pleasant  duty  to  ask 
your  attention  to  our  honored  ex-president,  who  has  cultivated  the 
field  of  Medicine  and  Literature  with  equal  success,  and  who  has 
finally  consented  to  express  himself  in  his  own  charming  words, 
his  ideas  on  "The  Evolution  of  the  Physician." 

I  ask  your  attention  to  Dr.  S.  Weir  Mitchell.  (Prolonged 
applause.) 

By  S.  Weir  Mitchell  : — I  will  say  a  word  in  explanation  of  the 
unusual  fact  of  my  appearance  here.  It  is  perfectly  well  known, 
I  venture,  that  never  before  in  the  history  of  medicine  has  a  Con- 
gress been  addressed  in  verse.  For  this  novelty,  you  may  thank 
the  Committee  of  the  Congress,  and  my  friend,  its  President ;  I  was 
made  to  obey  their  wishes,  and  was  only  finally  persuaded  by  my 
friend  of  many  years,  the  President. 

If,  therefore,  in  undertaking  this  unusual  task,  I  should  in  any 
way  fail  to  rise  to  that  level  to  which  I  should  rise  before  such 
a  distinguished  body,  you  will  kindly  lay  the  blame  of  failure  on 
the  President,  and,  should  I  succeed,  I  will  gladly  accept  his  verdict 
in  the  opposite  direction  for  my  own  share.     (Applause.) 

I  do  not  think  that  anything  I  shall  say  in  these  verses  will  be 
too  technical  for  such  an  intelligent  audience  as  that  I  now  see 
before  me,  although  there  are  some  distinctly  technical  medical 
allusions.  I  shall  ask  for  entire  quiet,  and  shall  not  give  you  more 
than  twenty-three  or  four  minutes:     'The  Physician'.     (Page  90.) 

(At  the  conclusion  of  Dr.  Mitchell's  poem  he  was  greeted  with 
prolonged  applause  and  cheers.) 

By  the  President: — I  think  the  poet  can  have  no  doubt  about 
the  verdict  of  his  audience.     (Applause.) 


Xvi  MINUTES. 

Gentlemen,  this  closes  the  literary  exercises  this  afternoon.  The 
Congress  now  stands  adjourned  until  8  o'clock  this  evening. 
(Adjourned.) 

At  8  p.  M.  the  Congress  was  called  to  order  by  Dr.  Edward  D. 
Fisher,  President  of  the  American  Neurological  Association,  to 
listen  to  the  reading  of  the  paper  by  the  President  on  the  "Medical 
School  of  the  Future."     (Page  97.) 
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BACTERIOLOGY   IN   HEALTH   AND   DISEASE. 


ADAPTATION    OF    PATHOGENIC    BaCTEEIA    TO    DIFFERENT    SPECIES 

OF    ANIMALS. 

BY    THEOBALD    SMITH,    M.D., 

George  Fdbyan  Professor  of  Compm-ative  Pathology  in  the  Harvard  Medical  School. 

Medical  science  and  medical  art  are  concerned  chiefly  with  the 
phenomena  of  human  disease.  All  that  medical  science  desires 
to  know  is  the  series  of  causes  or  antecedents  leading  to  any  given 
disease,  and  the  series  of  phenomena  which  unfolds  itself  within  the 
bod}'  during  disease.  Medical  art  wishes  to  know  where  human 
ingenuity  may  enter  to  modify,  suppress,  or  eliminate  portions  of 
this  series  so  as  to  interfere  with  the  progress  of  the  disease,  and 
bring  it  to  a  standstill.  By  general  consent,  hygiene  devotes  itself 
to  the  external  phenomena;   pathology,  to  the  internal. 

In  the  carrying  out  of  this  program,  a  strict  adherence  to  the 
subject  has  been  found  inadequate  to  gain  the  results  aimed  at. 
To  learn  even  the  simplest  fact,  recourse  to  animal  experimenta- 
tion has  been  necessary  at  every  step.  But  this  somewhat  artificial 
procedure  of  inducing  diseases  in  animals,  to  many  of  which  they 
are  naturally  insusceptible,  has  not  furnished  adequate  informa- 
tion, and  the  next  step  is  the  study  of  diseases  natural  to  animal 
life.  This  step  has  become  necessary,  because,  in  the  attempt  to 
analyze  the  series  of  events  culminating  in  human  disease,  many 
links  of  the  series  are  buried  out  of  sight,  or  else  inaccessible  to 
analysis,  since,  by  universal  agreement,  experiment  upon  the  human 
subject,  except  when  immediate  benefit  to  the  subject  is  expected, 
is  not  only  not  permissible,  but,  as  a  rule,  sterile  of  results  under 
the  conditions  necessarily  imposed.  In  the  host  of  infectious 
diseases  of  animal  life,  the  submerged  links  of  human  pathology 
are  often  in  full  view  or  readily  found  by  the  ingenious  explorer. 
Different  diseases  furnish  different  parts  of  the  unknown  elements 
we  are  looking  for. 

In  the  investigation  of  infectious  diseases,  the  study  of  the  most 
important  link  in  the  chain  of  their  causation — the  microorganisms 
— is  equalled  only  in  importance  by  the  study  of  the  host  into 
which  they  enter.  This  study  of  microorganism  and  host  necessi- 
tates at  once  the  extension  of  our  field  beyond  the  exclusively 
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human  infections,  if  we  wish  to  investigate  the  great  facts  of 
epidemiology,  the  rise  and  fall  of  virulence  in  the  microorganisms, 
and  the  correlative  immunity  of  individuals  and  races.  Thus  far, 
a  scarcity  of  accurate  facts,  which  is  due  chiefly  to  the  inherent 
difficulties  of  the  subject,  confronts  us,  and,  in  presenting  the  little 
that  is  at  hand,  I  shall  have  to  take  a  more  or  less  speculative 
position  and  point  out  the  problems,  the  pursuit  of  which  is  likely 
to  bring  back  important  information. 

If  we  glance  at  the  infectious  diseases,  which  we  share  with 
animal  life,  or  in  which  the  latter  enters  as  a  necessary  factor,  we 
find  quite  an  array,  readily  divisible  into  groups: 

1.  Diseases  common  to  man  and  certain  animals,  and  presumably 
transmissible  from  animals  to  man,  and  vice  versa.  (Bubonic 
plague,  tuberculosis.) 

2.  Diseases  common  to  man  and  animals,  but  not  known  to  be 
transmitted.     (Actinomycosis,  tetanus.) 

3.  Diseases  transmitted  from  animals  to  man,  but  not  as  a  rule 
communicated  from  man  to  man,  owing  to  interfering  conditions. 
(Anthrax,  glanders,  rabies,  vaccinia,  foot-and-mouth  disease,  meat 
poisoning,  psittacosis,  possibly  also  infections  due  to  pus-bacteria.) 

4.  Certain  specific  symbiotic  relations  requiring  two  hosts  for 
the  complete  life-cycle  of  the  microorganisms.  (IMalaria,  trichino- 
sis, tapeworm  infection.) 

A  small  proportion  of  the  infectious  diseases  of  man  and  a  large 
proportion  of  the  infectious  diseases  of  higher  animals  are  trans- 
missible, or  at  least  inoculable,  upon  smaller  animals,  producing 
in  them  diseases  having  more  or  less  constant  characters.  The 
range  of  infectiousness  varies  considerably  and  arbitrarily  without 
any  at  present  assignable  reasons.  Thus  the  rat,  which  is,  generally 
speaking,  quite  resistant  to  infectious  agents,  is  extremely  sensi- 
tive to  the  bacillus  of  bubonic  plague,  while  the  guinea-pig,  which 
is  susceptible  to  a  wide  range  of  infectious  agents,  is  much  less 
sensitive  to  this  bacillus  than  the  rat.  The  tubercle-bacillus, 
which  counts  among  its  victims  such  a  large  number  of  mammals 
and  birds,  is  quite  harmless  to  the  gray  mouse,  even  in  large 
doses.  Certain  bacteria  affecting  mammalia  have  also  the  power 
to  produce  disease  in  birds.  Among  these  are  the  tubercle-bacillus, 
mouse-septicemia  (swine-erysipelas),  and  rabbit-septicemia  (fowl- 
cholera). 

The  range  of  infective  power  seems,  to  a  certain  extent,  to 
coincide  with  the  readiness  with  which  the  bacteria  can  be  arti- 
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ficially  cultivated  on  various  substrata,  or,  in  other  words,  with 
their  degree  of  saprophytism.  Thus,  the  plague-bacillus,  the 
colon-derivatives,  the  rabbit-septicemia  group,  and  anthrax,  are 
quite  readily  cultivated,  and  their  range  is  very  wide.  On  the 
other  hand,  those  microorganisms,  which  are  cultivated  with  con- 
siderable difficulty,  or  not  at  all,  or  which  are  not  even  known, 
have  a  limited  range.  For  instance,  the  organisms  of  leprosy, 
syphilis,  gonorrhea  and  influenza  do  not  attack  animals;  the  same 
is  true  of  the  ex-anthemata  of  man,  exclusive  of  variola,  and 
possibly  scarlatina,  and  of  certain  diseases  of  unknown  etiology, 
in  animals,  among  them  contagious  pleuropneumonia  of  cattle  and 
rinderpest.  An  important  exception  to  this  general  statement  is 
rabies,  which  produces  disease  in  a  considerable  number  of  species. 
Many  of  these  facts  have  been  known  for  years,  and  are  among 
the  most  familiar  to  bacteriology.  The  essence  of  such  peculiar 
selective  action  has  not  yet  been  studied,  and  it  may  contain  much 
that  will  elucidate  the  perplexing  problems  of  natural  and  acquired 
immunity  from  disease.  They  seem  to  support,  so  far  as  they 
go,  the  recent  contention  of  P.  Baumgarten,  that  much  of  the 
natural  resistance  to  specific  infectious  agents  is,  after  all,  due  to 
the  absence  of  a  satisfactory  soil. 

The  investigation  of  infectious  diseases  of  animal  life  has  brought 
before  us  another  phenomenon,  which  is  of  considerable  impor- 
tance. Certain  bacteria,  causing  disease  among  different  species, 
have  certain  affinities  which  force  us  to  classify  them  together, 
and  which  enable  us  at  the  same  time  to  clearly  separate  them  from 
other  pathogenic  groups.  One  of  the  most  important  of  these  groups 
consists  of  derivatives  of  the  colon  bacillus,^  which  produce  epizo- 
otics among  swine,  guinea-pigs,  field-mice  and  spermophiles :  which 
have  been  found  associated  with  disease  in  horses,  cattle,  and 
certain  birds;  with  pseudotuberculosis  in  certain  other  species,  and 
to  which  the  B.  icteroidcs  of  Sanarelli  and  perhaps  some  forms 
belong-  which  produce  disease  in  the  human  subject,  and  which 
have  been  variously  classed  as  paracolon  bacilli  and  paratyphoid 
bacilli.  Outbreaks  of  meat-poisoning  in  European  countries, 
characterized  by  gastrointestinal  disturbance,  are  most  likely  due 
to  this  group  of  organisms,  which  are  introduced  into  the  body  in 
raw  meat.2  The  typhoid  bacillus  is  probably  a  more  highly  modi- 
fied offshoot  of  this  same  stock.  Tl>ere  is  much  minor  variation 
among  these  derivatives,  which  is  probably  due  to  an  adaptation 
to  different  animal  hosts.  We  might  say  that  the  colon-bacillus, 
or  some  ancestral  form,  possessed  certain  qualities  favorable  to 
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parasitism,  which  have  enabled  it  to  become  a  prominent  patho- 
genic power  under  the  form  of  a  number  of  varieties. 

Another  group  of  closely  related  bacteria — the  group  denomi- 
nated by  Hiippe  Septicemia  hemorrhagica — is  one  which  is  capable 
of  the  same  analysis.  It  appears  as  the  cause  of  fowl-cholera  and 
swine-plague ;  it  produces  epizootics  among  cattle,  buffaloes,  various 
kinds  of  game,  rabbits  and  guinea-pigs.  It  occurs  in  various  forms 
of  bronchopneumonia  in  mammals  and  is  a  frequent  parasite  of 
the  mucous  membrane  of  the  throat  in  cattle,  swine,  cats  and 
dogs  during  health.  In  these  respects  as  well  as  in  others  it  is 
the  analog  of  the  micrococcus  of  sputum  septicemia  and  of  croup- 
ous pneum.onia  in  man.  It  appears  endowed  with  widely  different 
degrees  of  virulence,  giving  rise  to  various  types  of  septic  diseases 
after  inoculation  into  rabbits.  Wherever  found,  it  is  recognizable 
to  the  trained  bacteriologist  from  certain  traits  which  it  has  in 
common  with  other  varieties  of  the  same  species.  A  certain 
plasticity  in  its  functional  characters  enables  it  to  become  a  danger- 
ous plague  to  animal  life,  but  it  seems  to  have  little  or  no  power 
to  attack  the  human  subject. 

The  tubercle-bacillus  furnishes  still  another  illustration.  The 
avian  type  has  been  recognized  as  a  variety  for  some  years. 
Similarly  the  tubercle-bacillus  of  cattle  has  certain  uniform  charac- 
ters which  have  thus  far  been  found  in  but  one  culture  from  the 
human  subject. 

Among  the  more  vulgar  pathogenic  bacteria  the  streptococci  are 
found  widely  distributed,  infesting  a  variety  of  domestic  animals 
and  appearing  in  many  different  kinds  of  lesions.  The  initial 
difference  in  the  virulence  of  streptococci  from  different  sources  is 
now  a  well  established  fact.  The  staphylococcus  also  exists  in 
animals  under  varieties,  several  of  which  have  been  more  carefully 
studied. 

Two  main  facts  thus  stand  out  among  the  phenomena  of  bacterial 
adaptation,  i.  The  direct  passage  of  infectious  agents  from  ani- 
mals to  man  and  from  one  animal  species  to  another;  and  2,  the 
adaptation  of  the  same  stock  to  different  species  leading  to  certain 
more  or  less  profound  modifications  of  this  stock  into  recognizable 
varieties  or  races.  An  important  problem  arising  from  the  second 
proposition  is  the  extent  to  which  such  races  are  capable  of  vicarious 
infection  of  different  hosts.  •  To  this  we  shall  return  later  in  some 
concrete  problems. 

Turning  now  to  the  experimental  phase  of  bacteriology  for  light 
upon  this  matter,  we  find  certain  principles  established  and  con- 
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firmed  by  numerous  experiments.  Since  the  days  of  Davaine  it 
has  been  known  that  the  passage  of  certain  bacteria  through  a 
series  of  susceptible  individuals  of  some  one  species  markedly 
increased  the  virulence  of  the  microorganism.  This  increase  mani- 
fested itself  both  by  a  shortening  of  the  time  between  inocula- 
tion and  death  and  by  the  successively  decreasing  dose  necessary 
to  produce  the  same  fatal  result.  This  has  been  demonstrated 
by  Davaine  for  rabbit-septicemia,  by  Pasteur  for  rouget  and  rabies, 
by  Petruschky  for  streptococci,  and  by  Voges  and  others  for 
various  animal  infections.  Considering  the  excessively  minute 
doses  which  experimenters  have  found  sufficient  to  produce  death 
in  case  of  certain  organisms  like  streptococci  and  rabbit-septicemia 
bacilli,  we  might  suppose  that  the  virulence  can  be  indefinitely 
increased;  but  this  seems  possible  only  for  certain  species  of 
bacteria  and  certain  animals.  With  others,  notably  rabies,  a  limit 
has  been  reached  which  marks  a  certain  condition  of  equilibrium. 

The  word  virulence,  however,  has  its  restrictions  and  it  was 
found  in  due  time  that  the  increase  in  virulence  referred  to  might 
or  might  not  mean  a  general  increase  towards  other  species.  In 
fact,  this  increase  may  be  associated  with  decrease  towards  other 
species.  This  w^as  first  claimed  by  Pasteur  with  regard  to  the 
bacillus  of  rouget  or  swine-erysipelas.  By  passing  the  bacillus 
through  pigeons  he  made  it  less  virulent  to  pigs.  By  passing  it 
through  rabbits  he  made  it  more  virulent  to  pigs.  This  has  been 
in  general  denied  by  Voges^  recently,  who  states  that  the  passage 
through  one  species  reduces  its  virulence  toward  others  and  that 
to  raise  it  toward  pigs  it  must  be  passed  through  pigs  themselves. 

In  the  epizootic  aphtha  (foot-and-mouth  disease)  of  cattle  and 
swine  whose  etiology  is  still  unknown,  Loffler  and  Frosch*  found 
that  the  lymph  of  the  vesicles  representing  the  eruption  became 
attenuated  if  passed  through  calves  alone.  When,  however,  swine 
were  alternated  with  calves,  the  virus  maintained  its  infectious 
power.  Another  virus  of  unknown  morphologic  characters,  rabies, 
was  increased  in  power  by  Pasteur  by  passages  through  rabbits 
for  both  them  and  dogs.  The  transmission  of  the  street  virus 
through  monkeys  and  dogs  gradually  diminished  and  eventually 
extinguished  the  transmissive  power,  while  the  passages  through 
cats  increased  it." 

There  is  thus  no  general  scheme  that  will  fit  the  results  of  experi- 
mental studies  upon  the  increase,  decrease  or  fixation  of  the 
virulence  of  pathogenic  organisms  by  passages  through  series  of 
animals.     Each  organism  or  related  group  of  organisms  needs  to 
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be  considered  by  itself  before  generalization  may  be  attempted. 
Undoubtedly  such  passages  produce  certain  more  or  less  permanent 
changes  in  the  physiologic  character  of  microorganisms  which  may 
lead  eventually  to  the  races  to  which  we  have  already  referred  as 
the  products  of  nature's  work. 

In  supporting  our  views  upon  experimental  results  solely,  we 
should  bear  in  mind  that  the  latter  are  the  outcome,  in  the  main, 
of  experiments  upon  small,  usually  quite  susceptible  animals. 
Work  upon  larger  animals  endowed  with  a  considerable  degree 
of  resistance  and  approximating  the  human  species  in  this  respect, 
is  meagerly  represented,  and  in  some  instances  it  has  led  to  results 
quite  at  variance  with  expectation.  For  example,  in  certain 
plagues  prevailing  among  larger  mammals,  it  has  been  found  very 
difficult  to  infect  healthy  individuals  even  with  large  doses  of  the 
pathogenic  agent  under  artificial  cultivation.  Anthrax  serum, 
which  was  powerless  to  protect  rabbits,  readily  protected  sheep 
from  the  fatal  dose  subsequently  injected. 

In  the  continual  flux  and  change  of  relationship  between  micro- 
organisms and  their  hosts,  which  is  made  credible  by  what  has  been 
stated,  but  which  our  limitations  in  time,  space,  and  sense  organs 
do  not  permit  us  to  follow  in  nature,  the  problem  that  presents 
itself  to  human  medicine  is  this:  How  far  does  nature  utilize 
animals  as  a  workshop  for  preparing  bacteria  to  act  in  a  pathogenic 
role  upon  the  human  race?  I  do  not  intend  to  present  an  answer 
to  this  question,  but  simply  to  point  out  the  desirability  of  learning 
more  of  the  microorganisms  parasitic  upon  diseased  and  healthy 
animals  which  are  closely  associated  with  man  either  as  beasts  of 
burden,  as  food-producers,  as  pets,  or  as  unwelcome,  though 
insistent,  members  of  our  household. 

We  have  already  seen  that  with  reference  to  certain  specific 
microorganisms  peculiar  relationships  among  species  come  to  the 
front.  There  is  evidently  some  physiologic  relation  between  man 
and  the  rat,  as  disclosed  by  bubonic  plague,  between  man  and  the 
horse,  as  revealed  by  the  bacillus  of  glanders.  Some  writers  believe 
in  a  relationship  between  man  and  certain  domestic  animals  with 
reference  to  scarlatina.  INIore  general  relationships  between  larger 
groups  of  animals  are  established  by  anthrax  and  rabies.  If  we 
go  a  step  further  into  a  less  cultivated  domain,  we  can  readily  think 
of  other  possible  relationships  between  human  disease  and  animals 
in  which  the  causes  of  human  disease  may  live  without  producing 
any  recognizable  disease.  We  can  neither  dispute  nor  affirm  such 
relationship  because  we  know  comparatively  little,  if  anything,  of 
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the  microorganisms  which  thrive,  say,  upon  the  mucous  mem- 
branes of  horses,  cats,  dogs,  rats,  mice  and  certain  birds  which 
enter  so  largely  into  the  daily  life  of  man  both  young  and  old. 

Some  of  you  will  perhaps  remember  the  accounts  of  the  stir 
produced  in  lay  and  medical  circles  in  Paris  by  the  peculiar  epi- 
demic of  1892,  caused  by  sick  parrots  from  South  America.  This 
single  epidemic  involved  49  persons  with  16  deaths.  Though  the 
bacteriology  is  not  yet  unraveled,  the  causal  relation  is  clear. 
Leichtenstern,*^  who  has  recently  summed  up  the  evidence  concern- 
ing this  new  disease  of  psittacosis,  gives  some  additional  testimony 
from  his  own  city,  Cologne,  which  definitely  implicates  this  house- 
hold pet  in  the  production  of  highly  mortal  family  epidemics. 
Leichtenstern,  in  describing  the  peculiar  atypical  typhoid-like 
pneumonia  found  in  this  disease,  emphasizes  the  fact  that  similar 
house-epidemics  of  pneumonia  of  equal  severity  and  atypical  course, 
have  been  not  infrequently  reported  and  have  occurred  in  his  own 
practice  without  the  presence  of  parrots.  The  suggestion  which 
comes  to  us  in  reading  this  is,  v^hy  not  look  up  other  household 
pets?  Are  there  affections  among  household  animals,  not  pets, 
which  are  responsible?  It  is  not  necessary  for  me  to  continue  these 
observations  farther  to  show  that  in  tracing  the  cause  of  certain 
obscure  diseases  of  man  we  may  have  been  overlooking  some 
important  sources. 

There  is  one  other  question  which  is  more  or  less  associated 
with  the  subject  I  have  chosen,  namely,  the  fluctuation  in  the 
virulence  of  pathogenic  organisms  and  the  bearing  of  this  upon 
the  appearance  of  infectious  diseases  in  epidemic  form.  It  is  an 
old  question  to  which  I  simply  wish  to  add  a  thought.  The  com- 
monly accepted  view  of  the  gradual  self-limitation  of  epidemic 
diseases  is  the  exhaustion  of  susceptible  material.  The  recrudes- 
cence is  similarly  ascribed  to  the  reappearance  of  a  young,  sus- 
ceptible generation.  Thus  the  reappearance  of  the  eastern  plague 
after  an  interim  of  months  is  ascribed  by  one  observer  to  the  new 
generation  of  rats.  But  this  explanation,  though  it  may  be  true 
for  many  diseases,  may  not  be  true  for  all.  We  have  seen  that 
the  passage  through  a  series  of  individuals  of  the  same  species 
may  lead  to  the  attenuation  and  gradual  extinction  of  the  virus. 
If  we  indulge  in  a  little  speculation  along  teleologic  lines  we  shall 
see  that  the  attenuation  of  virus  limited  to  one  host  is  not  an 
unreasonable  hypothesis.  We  may  assume  that  all  parasitism  tends 
toward  a  more  or  less  harmless  symbiosis.  This  tendency  is  for 
the  good  of  both  the  host  and  the  parasite  directly  concerned.     If 
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the  latter  promptly  destroys  the  former,  as  in  acute  septicemias, 
not  only  the  host  perishes,  but  the  parasite  may,  because  of  the 
sudden  change  of  environment  necessitated  by  the  death  of  the  host. 
If  the  organism  is  a  perishable  one  like  the  pneumococcus  or  its 
anim.al  equivalent,  the  rabbit-septicemia  bacillus,  it  may  perish 
before  reaching  another  individual."  Hence  we  should  expect  the 
type  of  maximum  virulence  to  thrive  only  temporarily  and  in 
densely  crowded  localities,  in  large  herds  or  flocks.  If,  however, 
some  arrangement  can  eventually  be  established  tending  to  more 
mutually  friendly,  symbiotic  relations,  both  organisms  are  in  a 
sense  the  gainers.  In  the  two  organisms  mentioned,  I  interpret 
this  symbiotic  relation  as  a  parasitism  of  the  mucous  membrane 
of  the  upper  air-passages  without  any  disturbance  of  health.  The 
tendency  of  the  diphtheria-bacillus  seems  that  way  at  present. 
This  symbiosis  probably  leads  to  a  loss  of  virulence,  a  weakening 
of  the  destructive  powers  toward  the  particular  host  in  question.^ 

If  the  pathogenic  bacteria  have  but  one  habitat — the  one  in 
which  they  produce  a  specific  infectious  disease — the  probabilities 
are,  I  think,  in  favor  of  a  gradual  mitigation  of  the  type  of  disease. 
This  may  be  so  slow  that  we,  as  individuals,  cannot  perceive  it. 
A  continuation  of  this  process  may  eventually  make  the  microbe 
of  secondary  importance  which  then  acts  only  when  other  agencies 
prepare  the  way  as  is  probably  the  case  with  croupous  pneumonia 
in  man  and  various  types  of  pneumonia  in  animals,  or  else  the 
disease  becomes  greatly  prolonged,  as  in  leprosy,  syphilis,  and 
tuberculosis,  which  are  in  reality  mild  types  of  parasitism  when 
compared  with  the  virulence  of  cholera  or  the  plague.  On  the 
other  hand,  the  bacteria  may  have  another  habitat  in  which  they 
recruit  their  virulence.  In  this  case  we  may  expect  the  diseases 
to  appear  at  times  in  epidemic  form  when  transmission  from  indi- 
vidual to  individual  is  possible.  For  the  spore-producing  bacilli 
of  tetanus,  anthrax,  malignant  edema,  and  Raitschbrand,  the  normal 
habitat  is  probably  the  intestinal  tract,  fecal  matter,  the  soil  and 
decomposing  material  in  association  with  other  favoring  bacteria. 
They  are  protected  by  the  capacity  for  spore  formation  from  the 
necessity  of  adaptation  to  a  varying  environment.  For  the  spore- 
less  and  easily  perishable  bacteria  I  cannot  conceive  this  habitat 
to  be  other  than  the  human  or  animal  body.  In  these  various 
situations  a  virulence  for  other  species  is  probably  maintained  owing 
to  certain  unknown  physiologic  relationships  between  the  species, 
as  already  suggested. 
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I  am  inclined  to  think  that  the  great  specific  energy  of  many- 
disease  germs  was  acquired  in  earher  geologic  ages,  possibly  in 
animals  of  very  different  type  from  those  now  living.  But  it  is  not 
improbable  that  the  process  of  making  pathogenic  bacteria  is 
going  on  now  in  the  animal  world,  to  be  noticed  only  when  these 
bacteria  have  been  transported  by  some  accident  from  their  unseen 
habitat  to  species  which  happen  to  be  susceptible.  Then  a  disease 
appears,  and  we  become  cognizant  of  the  disease-germ.  It  is 
difficult  to  explain  the  incidence  of  certain  animal  diseases,  especi- 
ally the  explosive  septicemias,  in  any  other  way.  Let  us  take  a 
familiar  organism  to  illustrate  this  hypothesis.  It  is  difficult,  for 
instance,  to  conceive  the  colon-bacillus  as  acquiring  pathogenic  or 
invasive  properties  by  a  saprophytic  life  in  the  intestinal  tract  of 
man  without  at  the  same  time  inducing  immunity  in  the  race.  It 
is  not  so  difficult  to  conceive  of  colon-bacilli  living  in  such  an 
environment  in  the  intestinal  tract  of  certain  animals  as  to  acquire 
at  the  same  time  pathogenic  properties  towards  man  and  other 
animal  species.  In  other  words,  the  energy  acquired  by  certain 
pathogenic  bacteria  may  be  gained  under  peculiar  conditions,  and 
to  discover  these  conditions,  if  still  prevailing,  is  one  of  the  prob- 
lems of  pathology  and  bacteriology.  Viewed  from  this  standpoint, 
microorganisms  causing  acute  disease  are  out  of  place  or  else 
endeavoring  to  create  a  new  habitat.  Disease,  itself,  is  a  temporary 
disturbance  of  relationship  largely  accidental  at  first  but  tending 
to  become  permanent  as  a  form  of  parasitism.  No  better  illustra- 
tion of  this  statement  is  at  hand  than  the  Texas  fever  of  cattle. 
In  the  South  the  microorganism  is  a  practically  harmless  symbiont 
of  the  blood.  North  of  a  certain  line  it  produces  a  highly  fatal 
disease  in  the  same  species  which  endangers  and  may  entirely 
interfere  with  the  normal  transmission  of  the  blood-parasite  itself. 

The  difficulty  encountered  in  making  any  brief  statements  upon 
the  parasitism  of  bacteria  and  other  low  forms  of  life  is  very  great 
and  there  is  ample  opportunity  for  self-contradiction.  Perhaps 
the  subject  is  best  managed  by  some  concrete  illustration. 

I  have  already  referred  to  the  newest  problem  in  our  horizon, 
the  bubonic  plague.  The  German  Commission^  has  come  to  the 
conclusion  that  in  the  endemic  focus  of  the  Himalayas,  the  rats, 
or  perhaps  other  species  of  animals  (Arctomys),  preserve  the 
infection  sometimes  for  a  number  of  years.  Observations  during 
the  epidemic  in  the  large  cities  have  shown  that  direct  infection 
from  man  to  man  is  not  very  common  in  the  hospitals.  Again, 
some  of  the  French  observers  have  found  that  passages  of  the 
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bacillus  through  rats  is  likely  to  fail  after  a  time.  The  hypothesis 
that  occurs  to  us  as  harmonizing  these  various  statements  is  that 
the  plague-bacillus  gains  its  maximum  virulence  for  man  in  the  rat, 
for  the  rat  in  man,  and  that  both  species  may  be  necessary  to 
maintain  the  disease  in  an  epidemic  form. 

The  second  illustration  I  take  from  tuberculosis.  Under  the 
conditions  prevailing  at  present  in  civilized  society,  there  are  two 
species  the  victims  of  this  disease,  man  and  cattle.  J\Iany  other 
species  are  susceptible,  but  the  conditions  surrounding  them  or 
governing  the  disease  in  them  do  not  favor  any  general  diffusion. 
In  cattle  the  tubercle-bacillus  is  remarkably  uniform  in  its  charac- 
ters and  highly  virulent  to  certain  small  animals  like  the  rabbit. 
In  man  there  flourish  many  races  of  the  bacillus  as  regards 
virulence,  among  them  the  maximum  virulence  of  the  bovine 
bacillus  has  been  reported  but  once  (V^agedes).  What  relation 
exists  betvv-een  the  human  and  the  bovine  plague?  Evidently  not 
an  indiscriminate  one.  Does  the  latter  furnish  the  human  race 
from  time  to  time  with  bacilli  of  high  potency  to  take  the  place 
of  the  attenuated  forms  that  thrive  saprophytically  in  the  lungs? 
Or  is  the  specific  adaptation  of  the  two  forms  such  that  any  relation- 
ship worth  consideration  no  longer  exists?  These  are  momentous 
questions,  which  present  themselves  not  only  in  this  disease  but 
in  others.  They  should  receive  careful  attention  from  the  human 
pathologist  in  studying  the  eft'ects  of  the  mingling  of  different  races 
of  the  human  family  and  of  the  different  varieties  of  pathogenic 
organisms  which  they  bring  with  them.  Such  varieties  may  lead 
to  an  increase  in  the  virulence  of  strictly  human  diseases  as  observed 
in  any  one  locality. 

Within  recent  years  much  ridicule  has  been  poured  on  the 
theories  of  Pettenkofer  concerning  the  fluctuation  of  epidemics 
with  season  and  locality — the  unknown  "y"  and  "z"  of  etiology. 
But  the  bacteriologists  who  have  been  the  chief  aggressors  have 
left  on  all  sides  large  gaps  in  the  etiology  of  infectious  diseases 
so  that  there  is  scarcely  a  malady  whose  microorganism  is  now 
known  which  does  not  bristle  with  interrogation  points.  The  sum 
total  of  bacteriologic  knowledge  points  toward  certain  still  unknown 
conditions  which  favor  a  restoration  or  a  maintenance  of  virulence 
and  which  differ  from  those  which  are  currently  reported  as  in 
action.  This  statement  does  not  intend  to  cast  doubt  upon  accepted 
views  of  the  increase  in  virulence  due  to  passages  through  series  of 
susceptible  individuals  of  any  species.  These  are  too  firmly  estab- 
lished to  be  vulnerable.     Nor  can  we  dispute  the  evidence  that  the 
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decline  of  epidemics  is  largely  associated  with  acquired  immunity. 
But  there  are  certain  supplementary  facts  bearing  upon  our  relation 
to  animal  life  which  medical  science  can  well  afford  to  take  as  a 
text  in  order  to  discover,  if  possible,  some  of  the  still  unknown 
dynamic  sources  of  human  disease. 
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Discussion. 

Surgeon-General  Sternberg  : — I  beg  to  ask  Dr.  Smith  whether 
he  includes  the  hog-cholera  bacillus  in  the  colon  group? 

Dr.  Smith: — I  will  read  the  passage  referring  to  that  bacillus. 
"One  of  the  most  important  of  these  groups  consists  of  derivatives 
of  the  colon  bacillus,  which  produce  epizootics  among  swine,  guinea- 
pigs,  field-mice  and  spermophiles,  which  have  been  found  associated 
with  disease  in  horses,  cattle,  and  certain  birds ;  with  pseudo-tuber- 
culosis in  certain  other  species,  and  to  which  the  bacillus  icteroides 
of  Sanarelli,  and  perhaps  some  forms  belong  which  produce  disease 
in  the  human  subject,  and  which  have  been  variously  classed  as  para- 
colon bacilli  and  para-typhoid  bacilli."  I  included  all  of  those 
pathological  derivatives  in  those  statements,  and,  furthermore,  the 
baccillus  icteroides  belongs  to  the  pathological  group  of  these  deriv- 
atives, because  it  has  certain  biological  and  morphological  character- 
istics, and  because  there  is  a  relationship  determined  by  the  serum 
in  these  groups. 
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SOME  OF  THE  PHYSIOLOGICAL  METHODS  AND  MEANS  EMPLOYED  BY 
THE  ANIMAL  ORGANISM  IN  ITS  CONTINUAL  STRUGGLE  AGAINST 
BACTERIA   FOR   MAINTENANCE    OF   LIFE   AND    HEALTH. 

BY    S.    J.    MELTZER,   M.D., 
0/  New  York. 

It  is  now  a  well-established  fact  that  micro-organisms  are  the 
cause,  or  at  least  the  inciting  cause,  of  infectious  diseases.  Our 
body  is  surrounded  by  these  organisms.  Bacteria  are  present  in 
immense  numbers  in  the  intestinal  canal  and  in  other  accessible  cavi- 
ties of  our  body,  and  Prof.  Adami^  has  told  us  recently  that  we 
are  in  a  state  of  latent  infection.  Yet  we  may  insist  that  there 
is  a  vast  difference  between  health  and  disease,  and  that  after  all, 
health  is  the  rule  and  disease  an  exception.  By  what  means  does 
the  body  manage  to  keep  its  health  against  the  pernicious  activity 
of  the  omnipresent,  highly  prolific,  toxine-producing  bacteria? 
When  we  examine  that  part  of  the  bacteriological  literature  which 
concerns  itself  with  the  defense  of  the  body  against  bacteria,  we 
find  a  number  of  important  facts  which  can  be  brought  together  and 
organized  into  an  answer  to  our  query.  But  we  have  to  acknowl- 
edge that  those  facts  were  not  discovered  to  find  the  cause  of 
health.  Bacteriology  was  born  and  raised  chiefly  as  a  part  of 
pathology,  and  it  did  not  concern  itself  so  much  with  the  normal 
course  of  life,  as  with  its  exceptions  and  abnormities.  It  was 
attracted  by  the  problems  of  immunity  and  of  recovery  from  infec- 
tious diseases. 

There  is  still  another  feature  in  bacteriology  which,  to  my  mind, 
is  inimical  to  the  proper  treatment  of  the  problems  of  the  defenses 
employed  in  normal  life,  and  which  deserves  some  special  discus- 
sion. It  is  the  tendency,  prevailing  in  bacteriology,  to  anticipate 
only  a  single  factor  which  does  the  fighting  in  the  battles  of  the 
body.  Thus  we  see  one  large  group  of  investigators  believing 
exclusively  in  the  theory  of  phagocytosis,  while  another  group 
swears  only  by  the  alexines.  It  is  interesting  to  note  that  the  line 
of  division  between  the  two  groups  is  the  same  here  as  it  is  in 
pathology.     The  old  school  of  pathologists  believed  that  the  cause 
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of  all  diseases  was  located  in  the  body  fluids,  or  in  the  blood, — 
humoral  patholog}';  the  new  school  looks  to  the  cells  of  the  body 
as  the  seat  of  the  evil, — cellular  pathology.  The  enemy  resides 
either  in  the  blood  or  in  the  cells,  and  so  is  the  defense  to  be  found 
either  in  the  blood  or  in  the  cells.  The  schools  differ  as  to  the 
character  of  the  leaders, — whether  admirals  or  generals, — but  they 
agree  that  the  attack,  as  well  as  the  defense,  can  be  carried  on  only 
by  a  single  leader. 

When  some  sixty  years  ago  the  young  school  of  physiologists  of 
those  days  had  demolished  the  idol  of  vital  force,  they  rendered  a 
great  service  to  the  science  of  biology  by  opening  up  all  mysterious 
paths  and  phenomena  of  animal  life  to  the  searching  light  of  the 
modern  investigator,  who  learned  to  work  with  methods  employed 
in  the  exact  sciences.  This  service  was,  and  is,  generally  appre- 
ciated :  it  consisted  in  the  abolishment  of  the  idea  of  vitalism.  But 
the  scientific  revolutionists  of  those  days  rendered  to  physiology 
another  important  service  which,  so  far  as  I  can  see,  has  never  yet 
been  clearly  pointed  out.  When  they  had  overthrown  the  irrespon- 
sible reign  of  the  vital  force,  they  did  not  attempt  to  replace  it  by 
another  single-headed  force, — they  simply  converted  the  monarchy 
into  a  republic !  Within  the  last  half  century  the  domain  of  physiol- 
ogy has  been  toiled  by  an  army  of  painstaking  workers,  throw- 
ing their  search-light  into  every  corner  and  crevice  of  animal  life; 
but  until  very  recently  no  attempt  was  made  to  single  out  a  tissue, 
a  system,  or  a  process,  as  the  leading  spirit  of  the  living  mechanism. 
Neither  the  nervous,  nor  the  circulatory  system,  neither  the  anabolic 
nor  the  catabolic  processes,  and  neither  the  blood,  nor  the  cells, 
were  singled  out,  to  be  entrusted  with  the  leadership  of  the  whole. 
The  constant  reappearance  of  the  same  morphological  unit, — the 
cell,— in  the  histological  studies  of  the  tissues  of  the  body,  naturally 
did  not  impress  the  minds  of  the  physiologists,  whose  object  of  study 
was  chiefly  the  function,  and  not  the  form.  But  even  the  frequent 
reappearance  in  many  body-tissues  of  one  and  the  same  functional 
phenomenon, — the  irritability, — did  not  mislead  the  student  of 
physiology  to  proclaim  this  characteristic  feature  of  living  tissue 
as  the  primum  mobile  of  the  life-machinery.  The  shape  and  quality 
of  the  bricks  used  in  the  erection  of  a  building  do  not  decide  its 
nature  and  destination,  whether  it  be  a  mansion,  a  monument,  a 
factory,  etc.  Moreover,  the  animal  body  consists  chiefly  of  a  great 
number  of  harmoniously  working  mechanisms,  in  each  of  which  all 
tissues,  systems,  etc.,  are  participating  in  its  complex  construction. 
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and  it  is  still  a  great  and  open  question,  whether  any  tissue  takes 
part  in  the  work  of  the  body  directly,  without  the  intervention  of 
a  mechanism.  But  here  again  no  exclusive  leadership  is  entrusted 
to  any  special  mechanism.  To  be  sure,  the  propeller  of  the  circu- 
lation is  an  important  mechanism :  a  serious  impairment  of  its 
working  is  sure  death.  But  neither  should  the  modest  gateman 
at  the  entrance  of  the  larynx  be  underrated;  failure  of  the  prompt 
closure  of  the  glottis  during  each  deglutition,  would  cause  suffoca- 
tion and  death.  The  same  applies  to  the  standing  of  the  partici- 
pating tissues  within  each  mechanism.  The  respiration,  for  instance, 
is  affected  not  only  by  such  important  changes  as  occur  in  the 
metabolic  processes,  in  the  composition  of  the  blood,  in  the  nerve- 
cells  within  the  respiratory  center,  etc.,  but  also  by  changes  in 
tissues  of  apparently  such  low  vitality  as  are  the  elastic  fibres  of 
the  lungs,  or  the  cartilages  of  the  ribs. 

In  short,  the  unity  of  life  is  an  ideal  commonwealth,  without  a 
king,  or  an  almighty  president.  It  is  governed  by  all  its  citizens, 
working  in  committees,  each  one  of  which  performs  its  task,  high 
or  low,  with  promptness  and  exactness,  to  accomplish  in  the  first 
place  its  own  end,  but  also  with  an  avowed  purpose  to  be  in 
steady  communication  and  cooperation  with  all  the  other  committees, 
thus  securing  a  harmonious,  concerted  action  of  one  and  all  for  the 
welfare  of  life  and  health! 

This  is  not  the  place  to  speak  at  greater  length  of  the 
correctness  of  such  a  view  within  the  domain  of  physiology.  Nor 
shall  I  discuss  here  the  applicability  of  a  similar  view  to  pathology. 
But  what  I  do  insist  upon  here  is  that  the  prevailing  view  in  bacteri- 
ology with  regard  to  the  defense  of  the  body  against  bacteria,  viz: 
that  it  is  entrusted  chiefly  to  a  single  element  (be  it  the  blood  with 
its  alexines,  or  be  they  the  leucocytes,  or  the  other  body  cells),  is 
neither  correct  nor  advantageous.  It  is  incorrect,  because  it  is 
improbable  that  the  republican  government  of  the  body, — in  which 
all  parts  are  working  harmoniously  in  all  the  other  struggles  of 
life, — should  delegate  the  steady  struggle  against  bacteria  to  a 
single  tissue.  On  the  contrary,  it  seems  rather  highly  probable  that 
as  in  all  defenses,  every  tissue,  system  or  mechanism  calls  into 
service  to  combat  the  invasion  at  every  step  and  by  every  attainable 
means.  And  it  is  disadvantageous,  because  experimenters  who 
concern  themselves  with  finding  exclusive  principles  which  are 
capable  of  destroying  bacteria  and  their  products  in  experimental 
diseases  to  a  value  of  80^  or  even  100;?^,  have  only  contempt  for 
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factors  in  the  struggle  which  could  contribute  to  the  successful  end 
only  4^  or  5,^,  which  is  often  below  the  possible  experimental  error. 
While  in  the  natural  struggle  of  life  the  army  of  the  invading 
bacteria  are  met  by  a  small  army  of  trained  defenders,  each  one 
of  which,  may  be,  contributes  to  the  success  indeed  only  one  per 
cent.,  or  even  only  a  small  fraction  thereof,  the  sum  total  of  all  of 
which  represents  nevertheless  a  hundred  per  cent. 

Supported  by  the  preceding  considerations,  I  venture  to  offer  the 
following  two  suggestions  of  a  general  character. 

I  maintain  in  the  first  place  that,  in  the  struggle  against  bacteria, 
the  defense  of  the  body  is  not  carried  on,  exclusively  or  chiefly, 
by  a  single  element.  It  is  neither  the  body  fluids,  nor  the  leucocytes, 
nor  the  other  body  cells  alone  which  can  claim  the  exclusive  merit 
of  maintaining  the  health  of  the  body,  but  each  and  every  one  of 
them  has  its  variable  share  in  attaining  the  desired  end. 

I  maintain  furthermore  that,  in  health  at  least,  the  actual  defense 
is  carried  on  not  by  a  single  tissue,  or  a  single  function,  but  by 
concerted  action  of  several  tissues  and  functions,  by  the  working 
of  a  mechanism.  By  mechanism  I  mean  the  cooperation  of  several 
independent  factors  in  attaining  a  common  purpose.  Let  us  take, 
as  an  illustration,  the  protection  of  the  conjunctival  sac.  It  is 
nearly  in  direct  contact  with  the  air,  and  we  might  expect  to  find 
there  an  extensive  bacterial  settlement.  Nevertheless  Lachowitz^ 
and  Buj'wid  found,  that  in  69;*  the  conjunctiva  was  perfectly 
sterile.  The  factors  which  accomplish  this  sterility,  or  at  least  the- 
comparative  scarcity  of  bacteria,  are  the  reflex  which  cause  the 
closure  of  the  lids  at  the  approach  of  dust  (the  carrier  of  bacteria), 
the  winking  which  occurs  regularly  a  few  times  in  a  minute,  and 
which,  in  conjunction  with  the  lachrymal  moisture,  throws  out 
again  mechanically  the  already  landed  bacteria ;  and  finally  the 
bacteriacidal  effect  of  the  tears  destroys  the  balance  of  the  invaders. 
Or  let  us  take  the  respiratory  organ  from  the  larynx  down  to  the 
respiratory  tissue,  including  the  corresponding  lymph-glands.  I 
would  like  to  call  attention  to  the  unique  position  of  the  respiratory 
path,  which  perhaps  has  never  yet  been  sufficiently  pointed  out. 
Through  this  path  the  outside  world  stands  in  an  intimate  relation 
with  the  interior  of  the  body,  inasmuch  as  the  air  column  is 
separated  from  the  lymphatics  and  capillaries  of  the  lungs  merely 
by  a  single  layer  of  the  very  thin  epithelium  of  the  air  cells.  Even 
the  serous  cavities  are  separated  from  the  lymph  spaces  by  thicker 
layers.     This  arrangement  is  of  course  indispensable  for  the  proper 
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exchange  of  the  blood  gases  with  the  air.  But  what  prevents  the 
bacterial  invasion  of  the  interior  of  the  body  by  this  open  and  direct 
way  ?  ]\Ioreover,  most  of  the  writers  agree  that  the  trachea,  bronchi 
and  lung  tissue  of  healthy  animals  are  nearly  sterile.  In  a  number 
of  rabbits  under  morphin  anaesthesia  I  found  all  these  parts  to  be 
sterile.  If  one  vagus,  or  a  laryngeal  branch,  was  cut,  then  the 
upper  part  of  the  trachea  contained  bacteria,  but  not  the  lungs. 
When  both  vagi  w'ere  cut,  then  of  course  the  lungs  too  were  invaded. 
JundelP  reported  recently,  that  by  means  of  a  special  device  he 
was  able  to  test  the  human  trachea,  and  found  that  in  the  majority 
of  healthy  cases  the  region  below  the  glottis  proved  to  be  sterile. 
What  protects  this  path  ?  In  my  opinion  the  result  is  accomplished 
by  the  cooperation  of  the  following  factors : 

The  tortuous  part  of  the  respiratory  path,  lying  above  the  glottis, 
removes  perhaps  the  greatest  part  of  the  bacteria  contained  in  the 
inspired  air  column,  and  the  remaining  number  is,  imder  normal 
conditions,  just  small  enough  to  be  disposed  of  by  the  factors 
present  below  the  larynx.  Bacteria  which  pass  the  glottis  are  either 
carried  back  outside  of  the  glottis  from  the  trachea  and  the  bronchi, 
by  the  steady  movements  of  the  cilia  of  the  epithelia ;  or,  if  the 
germs  are  carried  in  the  center  of  the  air-column,  down  to  the 
air-cells,  they  penetrate  here  quickly  the  thin  epithelial  layer,  and 
are  immediately  within  the  reach  of  the  lymphatic  glands,  which 
take  good  care  of  them.  The  easy  penetrability  of  the  air-cells  I 
consider  here  as  a  favorable  factor,  because  if  the  bacteria  should 
be  retained  for  some  time  in  the  alveoli  they  might  settle  there, 
proliferate,  form  a  necrotic  focus,  and  overflow  the  body  with 
toxines,  or  even  with  bacteria,  entering  directly  into  the  capillaries. 
As  to  the  activity  of  the  lymph  glands,  there  the  observations  of 
Loomis,*  Pizzini^  and  others  are  very  instructive.  The  lymph  glands 
of  more  than  40;^  of  non-tuberculous  lungs  contained  living  tubercle 
bacilli.  The  reduction  of  the  invading  bacteria  to  a  small  number 
is  essential  for  the  success.  In  inhalation  experiments  with  large 
numbers  of  bacteria  thrown  into  the  respiratory  path,  the  normal 
mechanism  fails. 

In  this  illustration  we  see  how  an  entrance  which  is  most  con- 
veniently open  to  the  invading  bacteria  is  guarded  successfully,  not 
by  a  single  tissue  or  function,  but  by  a  combination  of  more  or  less 
valuable  factors — by  a  mechanism. 

In  connection  with  the  respiratory  path,  I  would  like  to  recall 
here  the  interesting  fact,  that  both  canals  which  lead  furthest  to 
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the  innermost  of  the  body,  that  is  the  respiratory  and  the  female 
genital  canal  (which  latter  terminates  in  the  peritoneum),  have 
ciliated  epithelium,  the  movement  of  the  cilia  being  in  centrifugal 
direction,  and  are,  as  far  as  the  ciliated  epitheHum  extends,  entirely 
or  nearly  sterile.  The  tendency  of  our  times  is  to  underrate  the 
value  of  mechanical  factors.  What  energy  those  movements  of  the 
cilia  represent,  has  been  shown  by  our  distinguished  President  some 
25  years  ago.®  According  to  his  calculations,  the  work  accomplished 
by  one  cilium  within  one  minute  would  be  sufficient  to  lift  its  own 
weight  4,000  meters  high. 

Turning  now  to  the  plan  of  defense  throughout  the  entire  body, 
I  have  to  state  at  the  outset  that,  in  its  outlines,  it  is  mainly  the 
same,  as  seen  in  the  two  mechanisms  quoted  above,  that  is  the  aim 
to  reduce  greatly  the  number  of  bacteria  by  mechanical  methods, 
and  then  to  destroy  the  remnant  by  some  biological  means.  The 
mechanical  methods  are  barricading  the  entrance,  throwing  out 
again  the  landed  bacteria,  or  carrying  them  to  the  place  of  destruc- 
tion. The  following  is  a  short  sketch  of  the  physiological  defense 
work,  carried  on  throughout  the  entire  body. 

Some  of  the  entrances  into  the  body  cavities  are  provided  with 
sphincters,  like  the  orbicularis  oris  and  orbicularis  palpebrarum, 
which  hinder  to  a  degree  the  free  ingress  of  the  bacteria,  thronging 
the  corresponding  cavities.  From  the  nasal  cavities  a  part  of  the 
invaders  are  thrown  out  again  by  the  ciliated  epithelia;  into  the 
mouth  the  main  invasion  occurs  during  eating  and  drinking,  when  a 
good  part  of  the  invading  organisms  are  carried  down  with  each 
deglutition  into  the  stomach,  where  they  are  subjected  to  the  pro- 
longed destructive  effects  of  the  acid  reaction  and  bactericidal  power 
of  the  gastric  juice.  The  tears,  mucus,  and  saliva  do  also  some 
destructive  work  in  their  respective  cavities,  by  means  of  their 
bactericidal  properties.  We  know  already  the  defending  factors  in 
the  respiratory  path.  The  legion  of  germs  in  the  intestinal  canal 
are  probably  not  very  seriously  affected  by  the  loss  of  12  to  13 
milliards'^  a  day,  by  defecation.  It  is,  however,  a  more  important 
fact,  that  in  this  canal  the  pathogenic  bacteria  are  considerably 
decimated  by  the  overgrowth  of  the  less  dangerous  group  of  the 
colon  bacilli.  The  outcome  of  these  preliminary  skirmishes  is,  that 
the  nasal  cavities  contain  only  a  small,  the  mouth  a  somewhat  larger, 
number  of  all  kinds  of  saprophytic  and  pathogenic  bacteria,  and  the 
intestinal  canal  harbors  myriads  of  bacteria,  which  are  surely 
pathogenic  when  invading  the  interior  of  the  body  in  large  numbers. 
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But  the  micro-organisms  v.-ithin  all  these  body  cavities  are  separated 
from  the  interior  by  mucous  membranes  which,  in  normal  condition, 
surely  offer  great  resistance  to  the  penetration  of  bacteria.  From 
the  extensive  literature^  on  the  subject  of  invasion  of  bacteria  into 
the  interior  of  the  body  from  the  intestinal  canal,  one  may  draw  the 
conclusion  that  bacteria  never  penetrate  the  normal  mucous  mem- 
brane in  considerable  numbers,  but  a  small  number  of  them, 
especially  of  the  group  of  colon  bacilli,  do  enter  by  some  way  or 
other  the  adjacent  lymphspaces. 

Adami'^  believes  that  the  work  of  smuggling  some  bacteria  from 
the  body  cavities  into  the  interior,  is  carried  on  by  leucocytes  from 
the  lymphoid  tissues.  This  mode  of  infection  might  exclude  the 
fatal  invasion  of  real  pathogenic  bacteria, — which  are  not  lacking 
in  the  intestinal  canal — as  the  leucocytes  have  their  likes  and  dis- 
likes, positive  and  negative  chemiotaxis. 

Of  the  fate  of  the  toxines, — which  presumably  are  abundantly 
present  in  the  intestinal  canal, — we  know  as  yet  very  little.  Behring 
and  Ransom^^  state  that  the  toxines  of  tetanus  do  not  penetrate  the 
intestinal  mucous  membrane.  Nencki^^  and  his  pupils  report  that 
the  pancreatic  juice  destroys  the  tetanus  toxines,  and  that  the  bile 
together  with  the  pancreatic  juice  destroy  the  diphtheria  toxines. 
According  to  Calmette,^^  snake  venom  is  absorbed  moderately  from 
the  gastro-intestinal  canal  and  is  destroyed  by  bile.  We  should  also 
remember,  that  albumoses  and  peptones,  which  are  very  poisonous, 
become  converted  into  harmless  albumins  as  soon  as  they  reach 
the  blood.  As  to  the  bacteria  again,  we  should  remember  that 
against  the  invaders  through  the  mucous  membrane,  as  well  as 
against  an  invasion  from  any  quarter,  the  interior  of  the  body  is 
ably  protected  by  the  all-embracing  net  of  lymphatic  glands.  What- 
ever may  be  the  path  of  absorption  of  solubles,  the  corpuscular' 
bacteria  surely  have  to  take  their  way  through  the  lymphatics,  and 
therefore  have  to  pass  the  lymph  glands,  where  they  are  kept  back 
mechanically,  and  where  they  and  their  products,  according  to 
Manfredi  and  V\o\2i,^^  are  often  destroyed  by  bactericidal  elements. 
The  above  quoted  statements  of  the  presence  of  live  tubercle  bacilli 
in  the  lymph  glands  of  lungs  from  non-tuberculous  individuals, 
gives  us  a  good  illustration  of  the  efficient  and  eminently  useful 
work  which  is  accomplished  by  the  lymph  glands.  When,  however, 
by  the  virtue  of  the  large  numbers,  or  by  the  inefficiency  of  the 
glands,  or  for  some  other  reason,  the  bacteria  break  through  the 
gland-barrier   and   invade   the   interior,   the   blood-vessels   and   the 
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organs,  some  of  the  invaders  are  thrown  out  again  with  some  of 
the  excretions  and  secretions  of  the  body,  for  instance  the  bile,  urine, 
and  sweat.  The  Hterature^"'  on  the  question,  whether  this  occurs 
under  physiological  conditions,  quite  extensive.  It  was  denied  by 
Wissokowitsch,^^  Sherrington^^  and  others,  but  the  evidence 
accumulated  in  the  last  few  years  is  decidedly  in  favor  of  such  an 
assumption.  And  although  we  would  not  agree  with  Cohnlieim, 
that  the  removal  of  the  bacteria  with  the  secretions  is  one  of  the 
chief  factors  in  the  defense  against  infection,  inasmuch  as  the  num- 
ber of  the  excreted  bacteria  surely  form  only  a  small  fraction  of 
those  present  in  the  interior,  we  can  safely  assume  that  it  is  one 
of  the  many  factors  cooperating  in  the  work  of  the  defense. 
Moreover,  there  is  a  general  consensus  of  opinion  that  the  toxines 
are  freely  excreted  with  the  bile,  urine  and  sweat.  The  significance 
of  the  latter,  a  constant  companion  of  all  crises  and  reactions,  is 
perhaps  not  yet  fully  understood. 

The  nimiber  of  bacteria  remaining  within  the  interior  of  the  body 
is  in  normal  conditions  comparatively  small,  and  is  easily  destroyed 
by  the  factors  entrusted  there  with  this  task.  What  are  these 
factors?  We  know  that  when  saprophytic  or  moderately  virulent 
bacteria  are  introduced  intravenously  into  a  healthy  animal  body, 
they  disappear  not  only  from  the  blood,  but  also  from  the  entire 
interior  of  the  body  in  a  comparatively  short  time.  Bacteria  grow 
well  on  proteid-media,  and  develop  rapidly  in  dead  bodies.  And 
they  settle  and  develop  well  even  in  living  bodies,  if  they  find  there 
necrotic  foci,  as  it  was  shown  among  others  by  the  experiments 
of  Cheesman  and  myself.^^  But  even  only  diminished  vitality,  like 
in  chronic  heart-  and  kidney-diseases,  encourages  the  invasion  and 
settlement  of  micro-organisms  in  the  body,  as  it  was  well  demon- 
strated by  Flexner^^  in  his  paper  on  terminal  infections.  It  is  then 
an  established  fact  that  the  healthy  living  body  destroys  the  invad- 
ing bacteria.  By  what  means?  Metschnikoff  and  his  followers 
believe  that  it  is  done  chiefly  by  the  leucocytes.  We  cannot  discuss 
here  the  immense  material  brought  forward  for  and  against  this 
theory.  The  impartial  opinions  seem  to  have  settled  now  upon  the 
conclusion  that  the  leucocytes  undoubtedly  often  assist  in  the  work 
of  the  destruction  of  the  bacteria ;  that  they  are,  however,  neither 
the  exclusive  nor  even  the  chief  actors  in  this  work.  Buchner, 
Denys,  and  many  followers,  believe  that  the  destruction  of  the 
bacteria  within  the  body  is  accomplished  by  the  bactericidal  elements 
which  are  surely  present  in  the  blood  outside  of  the  body.     However, 
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the  proof  is  still  lacking  that  they  exist  and  are  effective  in  the 
circulating  blood  within  the  animal.  It  is,  however,  gratifying  to 
.observe  how  the  dift"erences  between  these  two  leading  theories 
gradually  dwindle  away.  The  present  status  is  as  follows: 
Metschnikoff^®  admits  now  that  the  body-fluids  contain  also  some 
bactericides,  but  he  maintains  that  they  are  derived  from  broken- 
down  leucocytes ;  and  Buchner-°  takes  now  the  ground  that  the 
alexines  are  derived  from  the  living  leucocytes  which  secrete  them. 
The  mechanism  of  phagocytosis  consists  in  the  positive  chemiotaxis 
which  causes  the  attraction,  in  the  wandering  of  the  cells  to  the 
micro-organism,  in  the  embracing  or  catching  of  it, — dead  or  alive, — 
and  in  the  chemical  digestion  of  the  germ  within  the  cell.  In 
Buchner's  theory  the  cells  are  attracted  by  and  wandering  to  the 
bacteria,  in  the  neighborhood  of  which  they  secrete  the  deadly 
alexines. 

The  studies  upon  immunity  have  brought  to  light  important  and 
intensely  interesting  facts,  with  regard  to  new  properties  of  the 
blood  and  the  body-cells.  By  the  active  immunization  of  animals, — 
be  it  with  bacterial  toxines  or  with  animal  poisons,  like  the  venoms 
of  snakes  and  scorpions,  or  the  serum  of  the  eel,  or  the  vegetable 
poisons,  like  abrin,  ricin  or  robin, — specific  antibodies  appear  in  the 
blood  which,  by  transmission  to  the  blood  of  normal  animals,  cause 
there  passive  specific  immunizations.  Furthermore,  by  injections 
of  certain  bacteria,  living  or  dead,  an  antimicrobic  immunization  is 
produced,  and  the  serum  of  these  animals  show  two  new  properties : 
the  lysogenic  and  the  agglutinating.  When  bacteria  are  brought 
together  with  the  fresh  immune  serum,  or  with  a  mixture  of  immune 
and  normal  serum,  they  become  dissolved.  The  bacteria  show  also 
an  inclination  to  clump  together.  It  was  found  that  the  same 
properties  can  be  brought  out  in  specific  immunizations  against 
foreign  body-cells  like  erythrocytes,  leucocytes,  spermatozoa,  ciliated 
epithelia,  etc.  It  seems  that  lysins  and  agglutinins  are  sometimes 
present  in  the  normal  serum  of  some  animals.  According  to 
Ehrlich^^  and  others,  the  lysins  and  agglutinins  consist  of  two  parts 
of  different  stability :  one  part  is  of  the  nature  of  a  ferment  and  is 
present  in  the  normal  animals;  the  other  part,  which  is  termed  the 
"immune  body,"  and  which  is  generated  only  by  immunization, 
connects  the  ferment  with  the  bacteria  or  the  foreign  cells,  and 
causes  their  agglutination  and  solution.  The  now  widely  accepted, 
so-called  side-chain  theory  of  Ehrlich^^  for  the  explanation  of  the 
working  of  the  antitoxines,  is  somewhat  similar  in  its  construction. 
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Antitoxin  exists  in  the  normal  body  as  a  side-link  in  the  chain  of 
the  cellular  molecules.  Toxins  are  composed  of  a  haptophorous 
and  a  toxophorous  part.  By  means  of  the  affinity  of  the  hapto- 
phorous part  of  the  toxine  to  the  antitoxic  part  of  the  cell,  the  toxine 
becomes  linked  to  the  body  of  the  cell,  destroys  greatly  the  antitoxic 
link,  and  attacks  the  ceil  itself.  When  the  attack  is  not  successful, 
the  cell  is  then  only  stimulated  by  the  injury  to  an  over-production 
of  antitoxine  (Weigert's  hypertrophy  through  injury),  and  forms 
constantly  new  antitoxines  which  are  thrown  off  into  the  blood. 
We  see  in  both  theories  the  same  assumption  of  binding  or  fixing 
one  part  to  another  by  means  of  a  middle  piece,  and  the  assumption 
of  the  presence,  in  the  normal  animal,  of  one  of  the  parts, — here 
the  antitoxine,  there  the  ferment.  That  the  lysogenic  phenomenon 
is  due  to  the  action  of  a  ferment,  or  an  enzyme,  has  recently  been 
advocated  also  by  Emmerich  and  Loew,-'  but  they  believe  that  the 
enzyme  does  not  come  from  the  body,  but  is  secreted  by  the  bacteria 
and  enters  within  the  body  into  a  combination  with  a  proteid  which 
they  term  immun-proteidin,  and  which  is  the  cause  of  the  acquired 
immunity.  They  found  that  the  bacillus  pyocyaneous  secretes  an 
enzyme  which  causes  the  solution  of  this  bacillus  itself,  and  can 
cause  also  the  solution  of  some  other  bacteria.  It  seems  that  their 
experiments  open  quite  an  important  practical  outlook. 

The  facts  and  theories  briefly  referred  to  are  very  far  reaching. 
But  for  the  present  they  can  not  yet  be  utilized  satisfactorily  for 
the  explanation  of  the  rapid  disappearance  of  numerous  bacteria 
from  the  interior  of  the  normal  animal  body. 

I  might  be  permitted  to  state  here  briefly  the  suggestion  of  two 
new  factors  which,  in  my  estimation,  are  capable  of  assisting  in 
the  work  of  the  destruction  of  bacteria  within  the  body. 

One  of  these  factors  is  the  process  of  plasmolysis.  When  cells 
having  membranes  are  placed  in  a  salt  solution,  more  concentrated 
than  that  to  which  they  were  accustomed,  by  the  osmotic  inter- 
change of  salt  and  water,  the  latter  leaves  the  cells,  and  the  pro- 
toplasm recedes  from  the  membrane.  The  same  is  true  also  of 
bacteria.  When  the  vacuolization  takes  place  at  the  long  sides  of 
a  bacillus,  the  vacuoles  may  meet  at  the  middle  of  the  long  axis, 
and  the  receding  protoplasm  appears  divided  in  two  parts,  pre- 
senting sometimes  the  appearance  of  a  diplococcus  surrounded  by 
a  halo.  If  the  solution  is  soon  diluted  again,  the  cells  may  regain 
their  normal  appearance,  though  sometimes  the  membrane  bursts, 
when  the  change  is  too  sudden.     When  the  injurious  concentration 
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continues,  the  changed  form  might  become  permanent,  or  at  least 
will  yield  very  slowly  to  a  later  dilution.  Even  in  the  permanent 
change  the  cell  will  continue  sometimes  to  live,  but  offers  then  but 
little  resistance  to  any  accidental  injury.  Now  even  in  the  same 
class  of  animals  the  body  fluids  of  different  species,  or  even  sub- 
species, have  a  different  osmotic  pressure,  and  w^hat  is  isotonic  for 
this  species  might  be  hypotonic  for  one  and  hypertonic  for  another 
species.  As  there  is  no  proof,  nor  even  any  good  reason,  for  the 
assumption  that  the  blood  and  the  other  fluids  of  the  animal  body 
are  isotonic  w'ith  the  protoplasm  of  the  bacterial  cell,  may  we  not 
assume  that  the  fluids  are  hypertonic,  and  therefore  plasmolytic 
for  bacteria  which  get  into  them,  and  as  the  organisms  remain  in 
the  hypertonic  animal  fluid  for  some  time,  the  state  of  plasmolysis 
becomes  permanent,  and  the  bacteria  succumb  easily  either  to  the 
effects  of  the  plasmolysis  itself,  or  to  some  insignificant  accidental 
in  j  ury  ? 

Baumgarten,-*  who  for  years  opposed  the  theory  that  the 
bactericidal  properties  which  are  manifestly  present  in  the  extravas- 
cular  blood,  exist  and  are  active  in  the  circulating  blood,  came  out 
recently  quite  strongly  for  the  assumption  that  the  destruction  of 
bacteria  in  the  extravascular  blood  is  chiefly  due  to  plasmolysis. 
It  is  surprising  that  he  does  not  even  discuss  the  question,  whether 
also  the  blood  within  the  living  body  might  be  plasmolytic  for  the 
invading  bacteria.  Here  he  repeats  his  often  pronounced  opinion, 
that  the  natural  immunity  rests  chiefly  upon  the  absence  of  certain 
nutritive  elements  within  the  living  organism  which  makes  the 
latter  an  unsuitable  medium  for  certain  bacteria.  I  am  not  aware 
that  the  suggestion  I  make  was  ever  brought  forward  before. 
But  I  am  going  to  enlist  in  favor  of  my  hypothesis  certain  important 
obsers^ations  made  by  a  distinguished  member  of  our  Congress.  I 
am  doing  it  with  great  reluctance,  as  I  am  afraid  that  my  interpreta- 
tion of  the  facts  will  not  receive  the  sanction  of  their  discoverer. 
In  a  series  of  communications.  Professor  Adami-^  has  reported  a 
number  of  extremely  interesting  facts  concerning  the  presence  of 
diplococcoid  forms  of  bacteria  in  the  liver,  kidneys,  etc.,  of  w^hich 
I  shall  mention  here  only  the  following  few :  When  a  culture  of 
the  colon  bacillus  is  introduced  into  the  ear  vein  of  a  rabbit,  there 
appear  after  some  short  time  in  the  liver  and  the  kidney  bacterial 
bodies  consisting  of  two  dots  resembling  diplococci  which  are 
surrounded  by  a  halo.  Such  bodies  are  also  found  in  the  liver  of 
normal  adult  rabbits,   but  not   in   the   livers   of  the  very  young. 
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Similar  bacterial  bodies  develop  also  in  body  fluids  when  inoculated 
outside  of  the  body  with  the  colon  bacillus.  That  these  bodies  are 
actually  remnants  of  the  colon  bacilli,  is  proven  by  the  fact  that 
some  of  them  gradually  assume  normal  forms,  when  re-inoculated 
in  suitable  media.  Now,  double  dots  surrounded  by  a  halo  is  just 
one  of  the  forms  into  which  bacteria  are  transfigured  by  plasmolysis. 
I  therefore  risk  the  interpretation  that  Professor  Adami  has  practi- 
cally discovered  the  degeneration  of  the  invading  bacteria  by  plas- 
molysis, for  which  I  put  forward  the  claim  that  it  is  one  of  the 
regular  factors  in  the  defense  of  the  body  against  bacteria. 

The  second  new  factor  which  I  believe  has  a  regular  place 
in  the  lines  of  the  defense,  is  the  vibrating  efifect  of  the  heart 
impulse.  By  the  analysis  of  many  data  existing  in  the  litera- 
ture regarding  the  significance  of  vibration  to  cell  life,  and  on  the 
basis  of  results  of  my  own  experiments,  I  arrived-^  at  the  conclusion 
that  the  relations  of  vibration  to  life  are  similar  to  those  of  tempera- 
ture. A  certain  minimum  is  indispensable  to  all  forms  of  life, 
a  certain  maximum  cannot  be  overstepped  by  anyone,  and  there 
is  a  certain  optimum  for  every  one.  But  every  species  of  cells 
has  its  individual  minimum,  optimum  and  maximum.  I  found  that 
a  certain  degree  of  vibration  which  was  an  optimum  for  one  kind 
of  bacteria,  was  destructive  for  another  kind.  In  recent  experi- 
ments,^^ a  repetition  of  experiments  made  by  Professor  Welch  and 
myself^^  some  years  ago,  I  could  establish  the  validity  of  this  law 
also  for  the  red  blood  cells.  In  a  previous  paper  I  made  the 
remark  that  the  vibrations  emanating  from  the  impulse  of  the  heart, 
form  probably  the  optimum  for  the  living  cells  of  each  individual 
animal.  Now,  recent  experiments  have  shown  me  that  the  vibra- 
tions communicated  to  the  body  by  the  heart  are  deleterious  to 
extravascular,  dead  blood.  I  have  placed  small  rubber  bags  or 
bottles  with  blood  in  the  peritoneal  cavity,  or  in  the  subcutaneous 
tissue  of  animals,  and  found  that  the  red  cells  of  this  blood  were 
destroyed  much  earlier  than  those  of  the  blood  which  was  kept  in 
thermostat  at  a  temperature  equal  to  that  of  the  inside  of  the  animal. 
The  suggestion  which  I  wish  to  make  is,  that  the  vibrations  emanat- 
ing from  the  heartbeat  of  the  animal  is  more  than  a  maximum  for 
all  the  bacteria  invading  the  interior  of  the  animal  body,  especially 
in  the  injured  state  into  which  they  are  placed  by  the  other  influences 
of  the  body,  for  instance  by  the  plasmolysis. 

By  the  observations  of  Adami^®  and  other  investigators,  we  might 
consider  it  as  an  established  fact  that  the  interior  of  the  adult  body 
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is  regularly  invaded  by  a  number  of  bacteria,  which,  however,  do 
not  settle  there,  but  are  sooner  or  later  destroyed.  What  effect 
does  this  constant  invasion  and  destruction  have  on  the  body?  If 
we  introduce  bacteria  by  some  artificial  method  into  the  interior 
of  an  animal,  we  immunize  this  animal.  Why  should  it  be  different 
when  the  bacteria  invade  the  body  by  natural  ways?  I  believe, 
therefore,  that  the  regular  moderate  invasion  of  bacteria  into  the 
interior  of  the  body  is  far  from  being  an  infection,  an  evil, — it  is 
a  means  of  immunization,  at  least  against  the  evils  of  an  invasion 
of  the  same  kind  of  bacteria  in  numbers  larger  than  usual.  The 
immunization  is  of  course  not  strong  enough  to  show  the  presence 
of  antimicrobic  serum  wuthin  the  blood,  neither  is  it  equal  to  meet 
the  emergencies  of  extraordinary  invasions.  But  we  do  not  know 
whether  it  is  not  due  partly  to  this  perpetual  immunization  that 
disease  is  such  a  rare  exception. 

Latent  infection,  therefore,  is  not  a  foe  to  normal  life,  to  health, 
but  is  rather  a  confederate  in  its  defense ! 
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In  the  early  observations  upon  the  agglutinating  properties  of 
the  serum  of  immune  animals,  the  facts  in  the  case  were  developed 
with  motile  bacteria, — as  with  Charrin  and  Roger's  (1889)  studies 
with  the  Bacillus  Pyocyaneus  in  cultures  in  the  serum  of  immune 
animals,  and  Pfeiffer's  reaction  in  cholera,  typhoid,  etc., — and  it  is 
notably  the  case  now,  that  the  most  definite  reactions  are  obtained 
usually  with  motile  bacteria. 

The  importance  attached  to  the  "Widal's  reaction"  as  a  means 
of  diagnosis  in  typhoid  fever,  depending  upon  the  cessation  of 
motility  as  well  as  the  clumping  of  the  bacteria,  further  emphasizes 
the  part  apparently  played  by  the  motility  of  the  bacteria  that  may 
be  used  in  this  and  other  similar  tests.  It  is  not  therefore  strange, 
that  in  attempting  to  explain  the  cause  of  the  phenomenon  of 
agglutination,  it  is  difficult  to  get  away  from  the  idea  that  the 
motility  and  the  organs  of  motility  must  have  something  to  do  with 
it.  It  does  not,  however,  take  a  very  extensive  series  of  observa- 
tions, with  other  than  the  single  bacillus  of  typhoid  fever  and 
typhoid  serum,  to  demonstrate  that  the  part  played  by  the  flagella  in 
producing  agglutination,  if  it  exists  at  all,  is  not  the  essential  one. 

While  it  may  be  true,  as  asserted  by  Dineur  (and  apparently 
demonstrated  by  him  in  photographs  that  he  has  been  kind 
enough  to  send  to  me),  that  agglutination  occurs  with  especial 
promptness  and  certainty  when  the  flagella  are  most  perfect,  and 
that  in  the  clumps  formed  in  these  perfect  reactions,  the  flagella 
may  be  demonstrated,  tangled  and  interwoven,  with  the  bacilli 
entirely  separated,  this  does  not  explain  the  very  prompt  and 
characteristic  clumping  of  the  non-motile  bacteria,  like  the  diph- 
theria bacillus,  glanders  and  anthrax. 

The  various  facts  observed  and  theories  offered  in  the  course  of 
studies  upon  the  mechanism  of  agglutination,  may  be  summarized 
about   as    follows :     Griiber's   supposed   swelling   of   the   bacterial 
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envelope,  and  the  adhesion  of  this  supposed  swollen  and  softened 
envelope,  we  have  not  been  able  to  determine  in  our  own  observa- 
tions. We  have  not  been  able  to  demonstrate,  more  than  others, 
the  occurrence  of  any  such  swollen  envelope  in  any  of  the  experi- 
ments made,  or  by  any  staining  method  we  have  applied. 

Bordet's  supposition  that  agglutination  is  the  result  of  molecular 
attraction,  is  merely  an  hypothesis,  and  is  insufficient  as  an  explana- 
tion; if  it  were  true,  it  would  do  away  with  the  specific  nature 
of  agglutination,  as  a  phenomenon  in  any  way  connected  with  immu- 
nity, although  this  supposition  must  probably  be  abandoned  as  it  is. 
The  observation  that  dead  bacilli  can  be  agglutinated  by  specific 
serum  is  of  importance,  for  it  demonstrates  that  agglutination  is  not, 
at  any  rate  in  all  cases,  a  vital  function.^ 

Such  observations,  which  we  and  others  have  confirmed,  are  in 
accord  with  the  belief  of  Paltauf  and  Nicolle,  who  say  that  passive 
precipitation  and  coagulation  are  the  essentials  in  agglutination, 
which  is  further  supported  by  the  clumping  of  India  ink,  cinnabar, 
ultramarine,  with  alcohol  and  other  chemicals,  and  with  bacteria. 

Pfaundler  (Wien.  klin.  woch.,  1899,  p.  342)  lays  much  stress  on 
the  thread  production,  which  he  first  found  in  the  spring  of  1897, 
observing  that  in  mixtures  of  cultures  and  diluted  sera,  the  typhoid 
rods  become  slender,  apparently  endless  threads,  twisted  in  thick 
skeins.  He  emphasizes  the  difficulties  of  demonstrating  this  phe- 
nomenon by  the  fact  that  he  had  to  try  a  year  and  a  half  before 
he  could  get  a  properly  fixed  and  stained  specimen  for  photography. 
The  threads  are  very  easily  destroyed, — by  too  little  as  well  as  too 
long  drying,  by  cold,  by  over-heating,  and  by  any  usual  method  of 
fixing,  except  an  atmosphere  of  formol, — and  we  have  not  succeeded 
in  demonstrating  these  threads  except  very  imperfectly.  Charrin  and 
Roger  (C.  Rend.  Soc.  Biol.,  Paris,  1889)  first  spoke  of  the  forma- 
tion of  "chainettes"  by  the  B.  Pyocyaneus  in  serum.  It  is  dis- 
tinctly an  homologous  reaction  and  Pfaundler  considers  that  it 
stands  in  direct  relationship  to  agglutination,  in  opposition  to  Kraus 
and  Low,  who  think  it  independent  of  it. 

'  Dead  bacteria  react  just  as  well,  as  Bordet  has  shown  (Ann.  de  I'lnst, 
Pasteur,  April,  1S96.  p.  218)  in  cholera  spirilla,  killed  with  chloroform  ;  as  was 
shown  later  by  Widal  and  Sicard  (Bull,  de  I'Acad.  de  Med..  Sept.  29,  1896), 
with  typhoid  cultures  killed  by  heat  or  a  few  drops  of  formol  ;  and  confirmed  by 
Van  de  Velde  (Acad.  roy.  de  Med.  de  Belgique,  March  27,  1897),  who  demon- 
strated that  thymol,  chloroform,  carbolic  acid,  ether,  bichloride  of  mercury, 
added  in  antiseptic  doses  to  cultures  of  typhoid  bacilli  did  not  prevent  their 
agglutination  by  the  sera  of  persons  sick  with  typhoid. 
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Gengou's  observations  (Ann.  de  I'lnst.  Past.  Aug.,  1899,  t. 
XIII,  p.  642)  on  anthrax  ag-glutination  are  important,  but  seem 
to  throw  more  confusion  into  the  subject,  so  far  as  a  general 
explanation  of  the  phenomenon  of  agglutination  is  concerned,  or 
the  theory  that  it  has  anything  to  do  with  immunity.  For  exam- 
ple, from  the  point  of  view  of  natural  immunity,  there  cannot  be 
established  the  least  relationship  between  the  refractory  condition 
of  an  animal  to  anthrax  and  the  agglutinating  power  of  its  serum : 
the  rat,  extremely  refractory  to  anthrax,  has  a  serum  that  is  very 
slightly  agglutinating;  the  dog,  also  refractory,  agglutinates  very 
markedly;  man,  susceptible,  has  a  serum  that  agglutinates  almost 
as  strongly  as  that  of  immunized  animals  (Lambette  and  IMarechal, 
ibid.  p.  637)  ;  the  ox,  also  susceptible,  has  a  strong  agglutinating 
power  in  the  normal  blood,  and  so  on. 

The  relationship  between  the  agglutinating  property  and  the 
bactericidal  property  is  equally  indefinite  from  the  point  of  view 
of  immunity.  The  rat,  with  an  extremely  bactericidal  serum,  does 
not  agglutinate  at  all ;  in  the  dog,  also  with  a  bactericidal  serum, 
agglutination  occurs  very  markedly.  Nor  are  the  origin  or  chemi- 
cal properties  the   same. 

Rodet  (Nouv.  JMontpelier  Aled.,  April  and  May,  1899)  demon- 
strates for  colon  and  typhoid  species  that  the  aptitude  for  agglu- 
tination of  a  certain  serum  is  not  a  fixed  quantity ;  on  the  contrary, 
it  is  variable,  and  contingent,  conforming,  in  other  words,  to  the 
general  rule  of  the  variability  of  other  bacterial  qualities.  He  also 
demonstrated  that  the  types  of  the  typhoid  bacilli  that  are  not 
agglutinated  by  a  certain  serum  are  not  radically  separated  from 
others  that  give  the  reaction  in  its  highest  terms  with  the  same 
serum,  but  on  the  contrary  are  allied  by  types  of  transition.  He 
concludes  finally  that  the  serum  reaction  is  not  available  as  a  means 
of  diagnosis  of  species  of  bacteria, — a  positive  reaction  is  conclusive, 
but  a  negative  one  is  not  so. 

Bordet  (Sur  I'agglutination  et  la  dissolution  des  globules  rouges 
par  le  serum  des  animaux  injectes  de  sang  defibrinee.  Ann.  de 
ITnst.  Past.  t.  XII,  p.  688),  concludes  that  properties  possessed 
by  the  cholera-serum  are  not  created  by  the  organism  in  an  "anti- 
infectious"  end, — if  one  may  use  the  expression, — but  are  simply  due 
to  the  putting  into  energetic  action  of  powers  already  functionally 
existing  and  apt  to  act,  if  circumstances  permit,  against  non-dan- 
gerous elements,  such  as  the  red  corpuscles. 

The  diflfusion  of  the  agglutinable  substance  was  given  indirectly 
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by  Widal  and  Sicard  (Bull,  de  I'Acad.  de  Med.,  Sept.  29,  1896) 
in  their  experiments  upon  dead  cultures,  and  Levy  and  Bruns  (Berl. 
Klin.  Woch.,  1897,  No.  23),  -who  obtained  the  appearance  of  the 
agglutinating  property  in  the  serum  of  animals  inoculated  with  the 
filtered  cultures  of  typhoid,  and  directly  by  Kraus  (Wien.  klin.  woch., 
Aug.  12,.  1897,  763),  who  demonstrated  the  production  of  "clumps" 
in  the  filtered  cultures  of  various  bacteria. 

Malvoz  (Ann.  de  Tlnst.  Past.,  July,  1897)  refers  to  the  "sub- 
stance agglutinee"  as  contrasted  to  the  "agglutinating"  substance, 
but  this  is  especially  brought  out  by  Nicolle  (Ann.  de  I'lnst.  Past, 
t,  XII,  p.  162),  who  speaks  of  many  of  the  qualities  of  the  "sub- 
stance agglutinee,*'  considering  it  to  be  of  as  much  importance  and 
of  as  constant  occurrence  as  the  "agglutinating"  substance.  He 
concludes  that  agglutination  consists  in  the  coagulation  and  coales- 
cence of  the  external  layers  of  the  agglutinable  bacteria  under  the 
influence  of  agglutinating  serum,  and  that  the  phenomenon  is  purely 
passive.  The  virulence,  the  toxicity,  the  life,  the  preservation  of 
the  form  of  the  bacteria  plays  no  part  whatever :  the  microbe  reacts 
passively  to  the  active  serum  by  means  of  the  "substance  agglu- 
tinee" in  its  external  layer.  The  agglutinating  power  is  not,  prop- 
erly speaking,  a  sign  of  infection,  since  a  microbe  deprived  of  all 
virulence,  or  a  filtered  culture,  will  make  it  appear  upon  being  inoc- 
ulated. It  is  simply  the  sign  of  the  passing  into  the  organism 
of  a  specific   "substance  agglutinee." 

Bossaert  (Ann.  de  ITnst.  Past.  t.  XII,  p.  357),  in  studying  the 
agglutination  of  the  cholera  group,  found  that  they  could  be  agglu- 
tinated by  specific  sera  and  by  chemical  substances,  and  that  there 
were  sufficient  differences  in  the  latter  case  in  using  dilutions  (e.  g., 
of  sublimate,  formaline,  and  safranine)  to  make  it  possible  to 
differentiate  members  of  this  family,  and  even  proposes  that  this 
may  be  made  a  means  for  diagnosis  of  cholera  and  typhoid. 

The  assertion  of  the  different  degrees  of  intensity  of  the  agglu- 
tinating power  in  the  different  fluids  of  the  body  is  interesting, — 
that  it  is  intense  in  the  blood  of  the  heart,  lungs,  kidneys,  thyroid, 
and  ovary,  and  is  very  much  less  or  entirely  absent  in  the  blood  of 
the  liver  and  spleen,  bile,  and  juice  of  the  mesenteric  ganglia.  The 
serous  fluids  give  an  intense  reaction,  especially  when  there  is  an 
infection  with  another  bacterium  (Courmont,  La  Semaine  Med. 
1897.  P-  37)-  Iri  discussing  the  chemical  behavior  of  the  agglu- 
tinating substance,  whatever  it  may  be,  Nicolle  (loc.  cit.),  and  Win- 
terberg   (Untersuchung.  u.  das  Typhus- Agglutinin,  Zeit.  f.  Hyg. 
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Bd.  32,  p.  375),  reached  absolutely  opposite  conclusions,  the  former 
asserting  that  this  substance  is  soluble  in  absolute  alcohol,  thus 
differing  from  all  the  known  bacterial  toxines ;  the  latter,  that  it 
is  precipitated  by  absolute  alcohol,  along  with  the  albuminoid  bodies, 
and  that  on  longer  action  of  the  alcohol  it  is  partially  or  entirely 
destroyed.  In  fact  the  conclusions  of  the  two  observers  are  so 
diametrically  opposed  that  it  is  evident  that  one  or  the  other  of 
them  must  be  hopelessly  wrong.^ 

Of  the  various  hypotheses  offered  to  explain  the  phenomenon  of 
agglutination,  that  supported  by  Dineur,  supposing  the  entanglement 
of  the  flagella  to  play  the  essential  part,  is  the  one  which  most 
readily  suggests  itself,  as  before  stated.  That  the  flagella  can  play 
any  important  part  is  disproved  by  so  many  observed  facts,  that 
they  must  be  set  aside  in  seeking  an  explanation.  Dineur's  paper 
is  so  explicit  however,  in  its  statements,  and  the  author's  photo- 
graphs are  so  clear,  that  we  have  devoted  a  large  amount  of  time  to 
an  attempt  to  demonstrate  whether  such  phenomena  as  he  describes 
can  be  commonly  observed.  One  of  us  (Dr.  Robey)  has  spent 
hours  and  days  in  testing  many  methods  of  preparing  and  stain- 
ing specimens  for  flagella  after  Widal's  reaction  had  been  obtained. 
The  results  have  been  entirely  negative  so  far  as  the  possibility  of 
supporting  Dineur's  claims  are  concerned.  It  is  true  that  in  nor- 
mal typhoid  bacilli  stained  for  flagella,  we  often  found  the  flagella 
flowing  in  one  direction,  but  this  is  a  phenomenon  often  observed 
before  and  is  probably  due  to  their  floating  in  a  current  at  the 
moment  of  drying.  We  have  also  found  flagella  arranged  in  this 
manner  after  "Widal's"  reaction.  We  also  found  that  it  was 
possible  occasionally  to  demonstrate  masses  between  the  clumped 
bacilli  (if  stained  for  flagella),  that  might  be  supposed  to  be  twisted, 
tangled  and  broken  flagella,  and  that  these  masses  were  not  in 
evidence  in  similar  specimens  not  stained  for  flagella.  But  these 
appearances  were  not  present  with  sufficient  frequency  to  justify 
the  interpretation  that  they  were  actually  the  flagella  playing  an 
active  part  in  holding  the  bacilli  together.  These  observations 
alone,  aside  from  the  collateral  evidence,  make  it  impossible  for 
us  to  believe  in  the  flagella  as  agents  in  the  agglutination  of  the 
typhoid  bacillus,  or  other  bacteria. 

■  Mauro  Jatta's  article,  Experimentelle  Untcrsuchung  liber  die  Agglutination 
des  Typhus-Bacillus  und  den  Mikroorganism  der  Coligruppe  (Zeit.  f.  Hyg. , 
Bd.  XXXIII,  p.  185).  is  the  latest  and  most  elaborate,  but  is  not  explanatory  of 
the  mechanism  of  agglutination. 
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Other  points  seen  by  different  observers  have  been  studied  by 
us;  using  the  typhoid  bacillus  in  our  tests,  because  thus  far,  the 
main  practical  value  of  the  agglutinating  property  lies  in  its  appli- 
cation as  a  diagnostic  agent  in  typhoid  fever. 

The  "thread-production"  of  Pfaundler  has  been  seen  by  us, 
but  not  in  such  a  typical  way  or  with  such  frequency  as  by  that 
author.  These  threads,  or  chains,  have  been  especially  seen  by  us, 
in  typhoid  bacilli  agglutinated  by  the  serum  of  a  horse  immunized 
to  typhoid  fever ;  but  threads  and  chains  of  the  typhoid  bacilli  have 
been  also  seen  in  normal  typhoid  cultures  grown  in  bouillon,  as  is 
not  unusual,  and  we  are  therefore  unable  to  confirm  from  our  own 
observations  Pfaundler's  belief  that  thread-production  is  an  usual 
or  necessary  accompaniment  to  typhoid-agglutination. 

The  flagella  have  also  at  times  been  seen  entangled  in  what  has 
appeared  to  be  fibrin,  an  appearance  very  similar  to  the  exudate 
described  by  some  authors.  We  have,  however,  only  been  able  to 
interpret  this  mass  that  appears  faintly  stained  and  entirely  indefi- 
nite in  form,  as  fibrinous  matter  or  detritus  which  was  in  the  culture 
medium  and  which  took  up  the  stain. 

In  the  study  of  agglutination  in  non-motile  bacteria,  we  have  made 
certain  studies  of  the  diphtheria-bacillus  that  are  interesting.  The 
possibility  of  agglutinating  this  bacillus  is  asserted  by  some  writers 
and  denied  by  others.  We  find  that  diphtheria  antitoxine  does 
undoubtedly  "clump"  the  diphtheria  bacillus,  and  this  almost 
instantaneously,  when  the  antitoxine  has  no  preservative  of  any 
kind  added.  As  an  example,  typical  clumps  were  seen  in  from  fif- 
teen to  thirty  seconds  (about  as  quickly  as  the  observation  could 
be  made)  in  an  emulsion  of  a  thirty-hour  serum  culture  in  distilled 
water,  to  which  was  added  an  equal  part  of  antitoxine.  Very  much 
more  dilute  mixtures  showed  the  clumping  as  characteristically, 
but  more  slowly.  We  also  showed  that  diphtheria  antitoxine  would 
clump  the  typhoid  bacilli,  almost  instantaneously, — a  typical  clump- 
ing occurring  in  a  mixture  of  nine  drops  of  a  typhoid  bouillon 
culture  and  one  drop  of  diphtheria  antitoxine  (without  presen-a- 
tive).  These  reactions  may  be  dependent  upon  the  fact  that  normal 
horse  serum  will  clump  many  bacteria,  but  the  reactions  in  our 
observations  have  been  much  more  prompt  and  typical  than  we  have 
seen  recorded  with  normal  horse  serum. 

An  extremely  interesting  scries  of  comparative  tests  have  also 
been  carried  out  with  cultures  of  diphtheria  and  typhoid,  and  the 
serum  of  patients  ill  with  diphtheria,  before  and  after  adminis- 


32  BACTERIOLOGY    IN   HEALTH   AND   DISEASE. 

tration  of  antitoxine.  We  found  that  the  bacilH  of  diphtheria  are 
not  clumped  in  any  dilution  by  the  serum  of  patients  ill  with 
diphtheria  who  have  not  received  antitoxine;  on  the  other  hand, 
we  found  that  an  emulsion  of  the  diphtheria  bacillus  in  sterile  water, 
mixed  in  equal  parts  with  the  serum  of  a  patient  who  had  received 
48,000  units  of  antitoxine  (about  50  cc.  of  serum  in  divided  doses) 
showed  typical  clumping  in  ten  minutes.  Other  experiments  with 
the  same  conditions,  except  that  the  patient  had  received  less  anti- 
toxine, showed  typical  clumping,  practically  instantaneously.  The 
results  were  not  the  same  with  the  typhoid  cultures,  for  while  the 
diphtheria  antitoxine  and  typhoid  bacilli  showed  instantaneous 
clumping,  no  evidence  of  agglutinating  action  could  be  found  in 
mixtures  of  typhoid  cultures  and  the  serum  of  patients  ill  with 
diphtheria,  either  before  or  after  the  administration  of  diphtheria 
antitoxine  (horse  serum ).^ 

It  cannot  therefore  be  the  horse  serum  itself  which  acts  in  the 
case  of  the  sera  of  diphtheria  patients  to  clump  the  diphtheria  bacilli 
after  the  administration  of  antitoxine,  and  not  the  typhoid  bacilli 
under  the  same  conditions,  when  the  antitoxine  clumps  them  both 
''  in  vitro." 

We  have  not  been  able  to  confirm  the  appearance  of  clumped 
masses  in  filtered  cultures,  in  typhoid.  Typhoid  bouillon  cultures 
carefully  filtered  through  a  Chamberland  filter  and  then  studied  in 
the  filtrate,  with  and  without  the  addition  of  active  typhoid  sera, 
showed  no  difference  under  the  microscope  either  stained  or 
unstained.  There  were  some  unidentified  particles  in  the  filtrate  in 
both  cases,  but  they  were  widely  distributed  and  in  no  way  resem- 
bled the  non-bacterial  masses  that  have  been  described. 

We  have  found  that  corrosive  sublimate  ( i/iooo)  clumps  the  bacilli 
of  typhoid,  but  this  substance  has  such  an  active  coagulant  action 
upon  any  masses  of  fibrin  or  mucin  that  it  does  not  seem  to  us  that 
much  importance  is  to  be  attached  to  this  special  result;  on  the 
other  hand,  we  were  not  able  to  find  that  formalin  ( 1/4)  agglutinated 
the  typhoid  bacilli.  It  did  bring  them  to  rest  (i.  e.  killed  them?), 
but  there  was  no  evidence  of  agglutination. 

As  to  the  agglutination  of  inorganic  substances,  we  were  unable 

'  Nine  drops  of  a  typhoid  culture  in  bouillon  to  one  drop  of  serum  from  a 
diphtheria  patient  who  had  received  48,000  units  of  diphtheria  antitoxine  did 
not  show  clumping.  Nine  drops  of  typhoid  bouillon  to  one  drop  of  serum 
from  a  diphtheria  patient  who  had  not  received  antitoxine  did  not  show 
clumping. 
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to  demonstrate  it  in  the  materials  tried,  India  ink,  Prussian  blue. 
These  were  suspended  in  sterile  distilled  water,  and  showed  no 
dumping,  even  when  mixed  with  equal  parts  of  95,'^  alcohol. 

The  softening  and  swelling  of  the  envelope  preliminary  to,  and 
as  an  active  factor  in  clumping,  has  also  been  studied.  If  such 
swelling  occurs  as  anything  like  an  active  factor  in  agglutination 
it  should  be  possible  to  demonstrate  it  in  carefully  stained  prepara- 
tions with  some  degree  of  uniformity,  but  this  has  not  been  the 
case  with  us.  In  Pittfield's  stain  for  flagella,  the  bacilli  seem  to 
be  increased  in  size,  and  especially  so  when  fixed  with  corrosive 
sublimate,  but  in  agglutination  of  typhoid  bacilli  with  horse  serum 
(diphtheria  antitoxine)  the  stained  slide  shows  the  clumps  with  no 
apparent  change  in  the  size  or  shape  of  the  bacilli.  In  other  words, 
any  swelling  of  the  bacterial  envelope  that  has  been  seen  by  us, 
has  been  irregular  in  appearance,  and  has  seemed  to  us  much  more 
properly  ascribed  to  the  action  of  the  mordant  or  stain  than  to  any 
specific  change  in  the  bacilli. 

The  agglutination  of  dead  bacilli  has  been  very  easily  accom- 
plished. Typhoid  cultures,  actively  motile,  were  killed  by  the  addi- 
tion of  3^  carbolic  acid  solution,  and  immediate  and  characteristic 
clumping  was  produced  by  the  addition  of  typhoid  (horse)  serum. 

These  studies  do  little  more  than  furnish  limited  control  of  the 
work  of  others,  but  from  them  and  other  observations,  it  seems  to 
us:  I.  That  the  agglutinating  property  does  not  lie  in,  and  is  in 
no  way  connected  with  the  flagella  of  the  bacteria  concerned.  2. 
That  agglutination  is  not  to  be  accepted  as  a  specific  property  con- 
nected with  a  condition  of  immunity,  although  this  is  a  difficult 
idea  to  give  up.  3.  That  the  homologous  nature  of  agglutination 
cannot  be  considered  a  positive  characteristic,  for  how  then  explain 
the  clumping  of  typhoid  bacilli  by  diphtheria  antitoxine  ?  4.  Finally, 
that  no  universally  applicable  explanation  of  agglutination  has  yet 
been  offered.  The  theory  of  Bordet  (Ann.  de  ITnst.  Past.  XIII, 
p.  224,  1899)  seems  to  us  the  most  rational  yet  suggested ;  that 
there  is  an  agglutinating  agent  ("agglutinine")  acting  upon  an 
agglutinable  substance  ("substance  agglutinee,"  the  nature  of  which 
is  not  yet  determined),  and  that  this  reaction  occurs  not  alone  with 
bacteria,  but  with  many  other  elements,  globules,  casein,  and  pre- 
cipitates of  various  kinds. 
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THE    RELATION   OF   BACTERIOLOGY    TO   MEDICINE. 

BY  RICHARD   C.    CABOT,    M.D., 
Assistant  in  Clinical  Medicine  in  the  Harvard  Medical  School. 

Bv  the  terms  of  the  subject  assigned  to  me,  the  parasite  of  malaria 
and  the  question  concerning  the  parasitic  origin  of  mahgnant  new 
growths  are  excluded  from  discussion,  since  the  organisms  con- 
cerned in  those  diseases  are  not  classed  as  bacteria. 

Bacteriology  has  relations  with  every  department  of  clinical 
medicine. 

With  (a)  Etiology. 

"  (b)  Diagnosis. 

"  (c)  Symptomatology'  and  the  course  of  disease. 

"  (d)  Prognosis. 

"  (e)  Treatment. 

Etiology. 

Through  bacteriology  we  have  been  enabled  to  determine  practi- 
cally with  certainty  the  causes  of  the  following  diseases : 

I. 

Diphtheria.  Asiatic  cholera. 

Tuberculosis.  Relapsing  fever. 

Tetanus.  Gonorrhea. 

Anthrax.  Glanders. 

Bubonic  plague.  Influenza. 

Erysipelas  and  other  infections  due  to  pyogenic  cocci  and  the 
various  diseases  due  to  pathogenic  streptococci  and  staphylococci. 

Actinomycosis. 

Typhoid. 

I  have  put  typhoid  last  in  the  list  of  diseases  of  whose  cause 
bacteriology  has  made  us  certain  because  it  is  only  since  1897  that 
the  typhoid  bacillus  has  obtained  so  secure  a  position  through  the 
introduction  of  Widal's  agglutination  test.  Previous  to  that  dis- 
covery the  typhoid  bacillus  was  regarded  as  very  probably  the  cause 
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of  typhoid  fever,  but  not  as  occupying  so  secure  a  position  as  the 
bacillus  of  anthrax  or  of  diphtheria. 

11. 
Next  to  the  above  group  of  diseases  we  may  arrange  those  regard- 
ing whose  connection  with  a  well  identified  micro-organism  we  are 
but  slightly  less  firmly  convinced. 

(a)  Epidemic  cerebro  spinal  meningitis  (diplococcus  intracellu- 
laris  of  Weichselbaum). 

(b)  Croupous  pneumonia — (micrococcus  lanceolatus). 

III. 
Among  the  diseases  whose  bacterial  cause  is  probably  identified 
are: 

(a)  Malta  fever  (micrococcus  melitensis  of  Bruce). 

(b)  Meat  poisoning — certain  epidemics — (bacillus  enteritidis  of 
Gartner  and  allied  species). 

(c)  Epidemic  tropical  dysentery  (Shiga's  bacillus). 

(d)  Leprosy  (Hansen's  bacillus). 

IV. 
Regarding  the  bacteria  believed  by  some  to  be  causally  connected 
with  the  following  diseases  we  are  at  present  in  doubt. 

(a)  Whooping-cough. 

(b)  Yellow  fever. 

(c)  Syphilis  (Lustgarten's  bacillus). 

(d)  Cystitis  and  cholangitis  (colon-bacillus  infection  in  certain 
cases), 

(e)  Soft  chancre  (Unna's  bacillus). 

V. 

Finally  we  may  make  a  list  of  bacilli  probably  pathogenic  under 
certain  conditions,  but  not  constantly  associated  with  any  well 
defined  group  of  clinical  manifestations.     Such  are  the : 

(a)   Bacillus  pyocyaneus  (sometimes  with  hemorrhagic  enteritis). 

(c)  Bacillus  of  malignant  oedema. 

(d)  Bacillus  of  Friedlander    (ozena,  lobular  pneumonia,   etc.). 

Diagnosis. 
Bacteriology   is   in   the   closest   relations  with   clinical   medicine 
through  the  help  it  gives  us  in  clinical  diagnosis.     Such  assistance 
is  given 
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(1)  Through  the  demonstration  of  the  bacilH  themselves  in 
secretions  or  in  the  products  of  disease. 

(II)  Through  the  agglutination  test. 

(III)  Through  the  injection  of  soluble  products  of  the  growth  of 
certain  bacilli  (tuberculin,  mallein). 

I.  ■ 

So  far  only  two  or  possibly  three  such  bacteriological  tests  can  be 
said  to  be  in  general  use  throughout  this  country,  viz. : 
(i)  The  search  for  the  tubercle  bacillus  in  sputa.* 

(2)  The  search  for  the  diphtheria  bacillus  in  the  throat,  and 
possibly 

(3)  The  agglutination  test  for  typhoid. 

Other  such  aids  to  diagnosis  which  seem  likely  to  come  into  more 
general  use  are  the  examination  of 

(a)  The  Blood — (blood  cultures,  the  bubonic  plague  in  pyaemia, 
malignant  endocarditis,  pneumonia,  gonorrheal,  septicaemia. 

(b)  The  Sputa — for  the  influenza  bacillus,  pneumococcus  and 
plague  bacillus. 

(c)  The  Urine — for  the  bacilli  of  typhoid  and  tuberculosis. 

(d)  The  Feces — for  the  bacilli  of  typhoid,  tuberculosis,  and 
cholera. 

(e)  Cerebrospinal  Fluid — for  the  diplococcus  intracellularis,  the 
tubercle  bacillus  and  the  micrococcus  lanceolatus. 

(f)  The  urethral,  vaginal  and  uterine  secretions  for  gonococci. 

(g)  The  nasal,  pharyngeal  and  conjunctival  secretions  (for  influ- 
enza or  diphtheria  bacilli,  bacillus  of  Friedlander,  bacillus  of  Weeks). 

II. 
The  Agglutixatiox  Test. 

(a)  Next  to  typhoid,  Malta  fever  seems  at  present  the  disease 
in  the  diagnosis  of  which  we  are  most  helped  by  the  agglutination 
test. 

(b)  In  the  recognition  of  the  true  nature  of  certain  obscure  fevers, 
Durham  believes  that  the  serum  test  with  the  bacillus  most  frequently 
concerned  in  meat  poisoning  (Gartner's  bacillus  enteritidis)  is 
destined  to  play  an  important  part. 

*The  recent  demonstration  of  the  smegna  bacillus  in  the  sputa  in  cases  of 
gangrene  of  the  lung  should  put  us  on  our  guard  against  this  troublesome 
organism  in  the  examination  of  sputa. 
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(c)  The  diagnosis  of  relapsing  fever  between  the  paroxysms,  once 
difficult  or  impossible,  is  now  possible  by  the  use  of  a  reaction  akin 
to  the  agglutination  test. 

(d)  Well  marked  agglutination  reactions  have  been  constantly 
observed  in  leprosy,  bubonic  plague,  Asiatic  cholera  and  tropical 
dysentery  with  the  bacilli  of  these  diseases.  Just  how  much  practi- 
cal use  is  as  yet  made  of  these  tests  I  am  unable  to  say. 

To  other  diseases  the  diagnostic  assistance  of  the  agglutination 
reaction  has  not  extended.  Individual  observers  have  reported  suc- 
cess in  the  attempt  to  apply  the  serum  test  to  the  diagnosis  of  tuber- 
culosis and  croupous  pneumonia,  but  their  results  have  not  been 
extensively  confirmed. 

The  Agglutixatiox  Test  ix  the  Diagxosis  of  Doubtful 

Cultures. 

To  a  limited  extent  we  are  able  to  reverse  the  use  of  the  agglutina- 
tion test.  Instead  of  using  a  well  identified  bacillus  to  test  the  body 
fluids  of  a  doubtful  case,  we  can  use  the  body  fluids  of  a  well  identi- 
fied case  of  disease  to  test  a  doubtful  bacillus.  In  identifying  doubt- 
ful cultures,  ^I.  \V.  Richardson  uses  slips  of  filter  paper  soaked  in 
the  blood  obtained  at  autopsy  from  a  case  of  typhoid.  Durham  has 
used  similar  tests  in  differentiating  the  flora  of  the  intestine. 

III. 

Of  the  diagnostic  use  of  tuberculin  it  is  only  necessar}'  to  say 
that  despite  the  warnings  of  Virchow  it  has  passed  into  general 
use  and  deserves  to  be  utilized  much  more  widely  still.  The  few 
who  object  to  its  use  are  for  the  most  part  those  who  have  not 
tried  it. 

The  use  of  mallein  is  well  established. 

Symptomatology  axd   Course. 

I.  Bacteriology  is  rapidly  bringing  about  a  regrouping  and  rear- 
rangement of  those  clusters  of  signs  and  symptoms  by  means  of 
which  we  have  been  accustomed  to  recognize  the  entities  called 
"diseases."  Previous  to  the  development  of  bacteriology  we  thought 
of  pneumonia  as  a  single  well  defined  disease.  Now  we  know  that 
there  are  many  kinds  of  pneumonia.  The  pneumonia  due  to  the 
micrococcus  lanceolatus  differs  in  many  respects  from  pneumonia 
due  to  the  plague  bacillus,  the  streptococcus  pyogenes  or  to  Fried- 
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lander's  bacillus.  Such  differences  are  clear  on  the  postmortem 
table,  and  we  are  beginning  to  recognize  clinical  types  correspond- 
ing to  them. 

I  cannot  help  hoping  that  such  differentiations  will  help  us  to 
clarify  the  turgid  sentences  in  which  perforce  our  symptomatolog>' 
is  now  expressed.  When  I  read  symptomatolog}%  and  still  more 
when  I  attempt  to  write  it,  I  am  inexpressibly  depressed  by  the 
wearisome  recurrence  of  such  phrases  as  "sometimes,"  not  infre- 
quently," "in  certain  cases,"  etc.  "Sometimes  pneumonia  ends  by 
crisis,  sometimes  not."  "Peritonitis  sometimes  causes  distension  of 
the  abdomen,  sometimes  retraction."  "Why?"  asks  the  intelligent 
student,  and  we  have  no  answer. 

Now,  if  we  could  say  (as  I  hope  before  long  we  can),  "pneumonia 
when  due  to  the  micrococcus  lanceolatus  ends  by  crisis,  when  due 
to  the  streptococcus  by  lysis,"  what  a  godsend  it  would  be!  How 
much  more  scientific,  how  much  less  like  the  weather  predictions  of 
the  Yankee  fisherman  our  text-books  of  medicine  would  sound ! 

2.  Again  by  showing  that  one  species  of  bacteria  may  set  up  dis- 
ease in  the  brain,  the  lung,  the  endocardium,  and  the  peritoneum, 
bacteriology  has  suggested  that  what  we  now  separate  as  various 
diseases — meningitis,  endocarditis,  peritonitis,  should  be  brought 
together  under  the  heading  of  pncumococcns  infections.  Influenza, 
tuberculosis,  gonorrhea  and  typhoid  already  occupy  such  a  position. 
Influenza  is  still  influenza  whether  it  attacks  the  upper  air  passages, 
the  gastro-intestinal  tract,  or  runs  its  febrile  course  without  any 
recognizable  local  manifestation.  The  recent  report  of  the  Bombay 
Plague  Committee  manifests  an  advanced  stage  of  the  same  tendency 
Avhen  it  specifies  no  less  than  ten  forms  of  infection  by  the  plague 
bacillus,  at  least  as  dift'erent  from  one  another  as  the  different 
manifestations  of  the  pneumococcus  in  the  brain,  the  lung,  the  peri- 
toneum, etc. 

3.  The  interesting  subject  of  combined  bacterial  infections  is  too 
extensive  to  be  treated  in  this  paper.  But  it  is  evident  that  our 
conceptions  of  the  symptomatology  of  pulmonary  tuberculosis  have 
been  greatly  clarified  since  we  began  to  distinguish  the  symptoms 
due  to  mixed  infection  with  pyogenic  cocci  or  with  influenza  bacilli 
from  those  due  to  the  activity  of  the  tubercle  bacillus  alone. 

Prognosis. 

Statements  regarding  prognosis  are  apt  to  present  an  unrivalled 
material  for  the  study  of  the  art  of  hcdzini:. 
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Bacteriology-  is  helping  us  to  make  our  prognoses  less  meaningless. 
The  following  examples  are  in  point : 

(a)  When  pneumococci  can  be  demonstrated  in  the  blood  of  a 
case  of  pneumonia,  a  fatal  termination  is  almost  certain. 

(b)  When  the  spirochaetes  of  a  case  of  relapsing  fever  are  ren- 
dered motionless  within  one  hour  by  the  blood  of  another  patient 
who  has  passed  through  one  paroxysm  and  is  expecting  another — 
no  second  paroxysm  will  occur,  while  if  the  spirochaetes  are  not 
quieted  within  two  hours  another  paroxysm  is  sure  to  follow. 

(c)  Empyema  due  to  the  pneumococcus  is  likely  to  heal  after 
relatively  rapid  tapping,  often  without  permanent  drainage. 

Treatment. 

(a)  Antitoxic  or  protective  sera. 

The  subject  is  so  familiar  and  well  worn  that  I  will  simply  classify 
the  various  antitoxic  sera  according  to  the  best  current  opinion  of 
the  eflficiency. 

I. 

Markedly  curative. 

Antidiphtheritic  serum. 

Antispirillum  serum  (relapsing  fever). 

II. 
Efficient  as  protective. 

Anticholera  serum. 
Antiplague  serum. 

III. 
Limited  utility  in  selected  cases. 

Antitetanus  serum  (in  very  early  cases). 

Koch's  tuberculin  (in  pure  tuberculous  infections). 

IV. 
Doubtful  but  hopeful. 

Antityphoid  serum. 
Antidysenteric  serum. 

V. 
Probably  inert. 

Antistreptococcus.  Antipneumococcus.  Antiamarillic  (yellow 
fever). 


40  BACTERIOLOGY   IN   HEALTH   AND   DISEASE. 

(b)  Under  a  slightly  different  heading  comes  the  treatment  of 
inoperable  cases  of  malignant  disease  by  the  injection  of  the  toxin 
of  erysipelas,  which  appears  to  have  a  distinct  though  very  limited 
field  of  usefulness. 

Relation  of  the  Clixiciax  to  the  Bacteriologist. 

The  Municipal  Laboratory  of  the  City  of  Boston  now  offers  to 
examine  for  physicians  material  suspected  of  coming  from  any  of 
the  following  diseases :  Typhoid,  tetanus,  tuberculosis,  rabies,  diph- 
theria, malaria,  glanders,  influenza,  pyogenic  organisms,  gonorrhea, 
etc. 

Now,  as  a  citizen  of  Boston,  I  take  great  satisfaction  in  knowing 
that  we  have  such  a  municipal  laboratory  and,  that  our  physicians 
can  and  do  avail  themselves  of  it.  Yet  I  am  sometimes  appalled 
when  I  see  how  trustfully,  how  innocently,  how  literally  physicians 
accept  the  verdict  of  the  laboratory.  I  have  been  amazed  and 
alarmed  to  see  how  my  own  laboratory  reports,  at  the  time  when 
I  was  doing  such  work,  were  accepted  as  decisive  and  used  as 
foundations  on  which  to  build  an  extensive  superstructure  of  diag- 
nosis, prognosis  and  treatment.  Xo  one  who  has  ever  done  much 
laboratory  work  ever  accepts  the  report  of  another  in  such  a  spirit, 
for  he  knows  from  experience. 

(a)  The  chance  for  error  in  the  laborator}-  (from  confusion  of 
specimens,  deterioration  of  cultures  or  culture  media,  etc.). 

(b)  The  difficulty  of  interpreting  the  results  of  bacteriological 
investigation  or  of  understanding  just  how  decisively  the  bacteriol- 
ogist intends  to  speak  on  the  point  in  question. 

The  bacteriologist  knows  that  some  of  his  verdicts  are  relatively 
final — others  less  so  and  more  subject  to  modification  according  to 
various  other  circumstances.  He  knows  when  his  technic  has 
been  above  suspicion  and  when  (either  from  the  condition  of  the 
material  furnished  him,  or  the  nature  of  test  -attempted)  his  results 
are  to  be  taken  less  seriously.  All  this  the  bacteriologist  knows — 
but  the  clinician  frequently  does  not.  Hence  arise  errors  and  mis- 
understandings which  not  infrequently  drive  the  clinician  to  an 
utterly  unreasonable  distrust  of  all  laboratory  results. 

Few  clinicians  realize  how  difficult  it  is  to  interpret  the  results 
of  bacteriological  examinations.  For  example,  to  draw  the  properly 
limited  inference  from  the  announcement  of  a  positive  Widal  reac- 
tion ;  to  be  enough,  and  not  too  much,  alarmed  by  a  positive  reaction 
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to  tuberculin ;  or  by  the  finding  of  Klebs-Loeffler  bacilli  in  a  patient's 
throat. 

Especially  is  this  true  where  relatively  indefinite  quantitative 
expressions  enter  into  the  bacteriologist's  report.  Only  he  who 
makes  the  tests  can  really  appreciate  what  is  meant  in  a  given  case 
by  such  phrases  as  "Very  numerous  tubercle  bacilli,  very  virulent 
streptococci,  very  motile  organisms,  very  numerous  malarial  organ- 
isms, etc." 

In  view  of  these  facts  I  believe  that  we  shall  get  the  greatest  help 
from  bacteriology  only  when  bacteriological  tests  are  made  by  the 
clinician  himself  or  by  some  one  (for  example,  his  private  assistant 
or  interne)  who  is  familiar  with  the  clinical  aspects  of  the  case  in 
question.  Otherwise  the  wisdom  of  the  laboratory  and  the  wisdom 
of  the  bedside  will  often  fail  to  connect  with  and  reenforce  one 
another. 

Bacteriological  data  concerning  clinical  cases  cannot  be .  passed 
from  hand  to  hand  without  damage.  The  truth  leaks  out  in  the 
transfer. 


Discussion. 

Dr.  Thomas,  Asheville,  N.  C. : — I  would  like  to  ask  Dr.  Cabot 
how  soon  the  influenza  bacillus  appears  in  sufficient  number  of 
sputa  to  be  recognized.  Of  course,  if  it  can  be  told  early  it  will  be 
of  great  assistance  to  us  in  our  diagnosis.  If  it  is  in  the  milder 
form,  of  course,  its  clinical  value  would  be  small. 

Dr.  Cabot  : — How  early  I  cannot  say.  The  cases  were  not  very 
large. 
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BACTERI0-THERAPEUTIC5     WITH     ESPECIAL     REFERENCE     TO 

TUBERCULOSIS. 

BY  EDWAKD   R.    BALDWXN',   M.D. 
Saranac  Lake.  X.  Y. 

In  my  effort  to  present  this  subject  I  A\-ill  include  for  the  pur- 
poses of  this  paper  in  order  to  cover  more  broadly  the  use  of 
bacteria  in  medication,  both  preventive  or  immunizing  methods 
and  serum  therapeutics.  I  cannot,  however,  attempt  more  than  a 
summar\-  of  our  present  knowledge  of  the  subject  in  connection  with 
human  diseases  other  than  tuberculosis. 

The  use  of  living  but  weakened  bacteria  in  the  prevention  of  the 
like  disease  has  found  but  little  scope  outside  of  vaccination  for 
variola  and  anthrax.  Considerable  immunity  has  been  produced 
in  this  way  experimentally  against  streptococcal,  pneumococcal, 
diphtheria  and  tuberculous  infections,  but  its  therapeutic  emplo^Tnent 
would  obviously  be  irrational.  Living  streptococcus  inoculations 
have,  however,  been  by  accident  or  intent  successfully  employed  in 
the  treatment  of  sarcomata  and  lupus  (  Coley's  first  method). 

The  employment  of  dead  bacteria,  tlieir  extracts  or  culture  pro- 
ducts, has  at  present  an  undoubted  field  in  cholera,  plague  and 
typhoid  prevention  in  human  beings.  The  results  of  Haffkine's^ 
anticholera  inoculations  have  demonstrated  its  protective  power  for 
a  limited  time,  while  the  use  of  extracts  of  plague  bacilli  gives 
promise  of  similar  comparative  immunity.-  The  inoculations  against 
t}-phoid  in  the  British  army  are  encouraging  in  their  results.'  In 
other  diseases  there  has  been  little  encouragement  except  in  the 
lower  animals.  For  therapeutic  use  the  extracts,  or  dead  bacteria, 
have  not  commended  themselves  in  acute  diseases  like  typhoid, 
plague,  sepsis,  pneumonia  and  diphtheria. 

The  use  of  serums  or  tissue  extracts  of  animals  immunized  or 
treated  with  bacterial  substances  for  these  purposes  manifestly  is 
much  more  applicable  for  therapeutics,  because  it  brings  to  the  aid 
of  the  infected  organism  the  protective  substances  or  powers  of 
others.  The  striking  success  of  diphtheria  antitoxin  has  caused 
the  flood  of  serums  for  all  known  diseases.     It  will  here  be  sufficient 
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to  remind  ourselves  that  excepting  tetanus  serum  no  others  have 
shown  brilliant  results  in  human  medicine.  It  is  interesting  to  note 
that  both  these  serums  have  preeminently  antitoxic  as  distinguished 
from  bactericidal  powers.  Among  the  serums  that  have  claims 
upon  our  notice  at  present  the  streptococcus/  pneumococcus*  and 
that  of  recurrent  fever^  are  said  to  have  bactericidal  or  bacteriolytic 
properties  only,  while  the  serums  of  plague,  typhoid  and  cholera,  may 
have  both  antitoxic  and  bactericidal  powers.  Of  tuberculosis  serum 
I  will  speak  later. 

Experiments  upon  animals,  and  to  some  extent  upon  man,  are 
entirely  satisfactory  as  a  basis  for  much  wider  usefulness  of  serums 
and  tissue  extracts  as  immunizing  agents. 

The  promptly  curative  effects  of  diphtheria  antitoxin  may  obscure 
in  the  minds  of  some  the  good  results  of  immunization  by  its  use, 
but  its  demonstrated  value  should  encourage  a  much  more  extensive 
emplojTnent,  especially  as  the  improvements  in  preparation  have 
lessened  the  dose  and  increased  the  potency.  These  remarks  also 
apply  with  greater  force  to  tetanus. 

It  needs  no  sage  to  observe  that  at  present  bacterial  and  serum 
therapeutics  have,  with  the  exception  of  diphtheria,  their  best  field 
for  practical  use  in  immunization  against  their  respective  diseases. 

With  this  brief  resume  of  the  general  subject  with  which  I  do  not 
assume  familiarity,  I  crave  your  attention  to  some  remarks  with 
reference  to  tuberculosis. 

While  I  consider  it  not  unprofitable  to  mention  the  present  clini- 
cal status  of  tuberculin,  it  is  certain  that  it  can  serve  no  useful 
purpose  to  recount  the  history  of  the  blind  leading  the  blind  of  a 
decade  ago.  It  remains  a  history  for  the  contemplation  of  psy- 
chologists. 

The  term  tuberculin  has  been  used  to  cover  broadly  all  extracts 
and  culture  products  of  the  tubercle  bacillus,  and  should  not  be 
confused  with  serums,  as  is  frequently  done. 

The  extracts  prepared  subsequent  to  Koch's  original  tuberculin 
that  have  been  used  clinically,  received  various  names  according 
to  their  object  and  method  of  preparation,  and  may  be  enumerated 
as  follows : 

1.  Original  tuberculin  (abbreviated  "T.  O.")  ;  boiled,  concen- 
trated and  filtered,  glycerinated  cultures;  now  chiefly  used  for 
diagnosis. 

2.  Purified  tuberculin  ("T.  Pur."j  ;  the  resultant  redissolved  pre- 
cipitate of  the  first  with  60;;^  alcohol. 
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3.  The  new  tuberculin  ("T.  R.")  ;  an  unsterilized,  unfiltered, 
glycerine-water  semi-solution  of  living,  dried,  pulverized  and  washed 
bacilli.^ 

4.  Tuberculocidin  and  antiphthisin ;  dilute  tuberculin  made  from 
the  slight  residue  after  precipitation  with  sodium-bismuth  iodideJ 

5.  Hunter's^  modifications ;  similar  to  purified  tuberculin  by  pre- 
cipitation with  ammonium  sulphate. 

6.  Tuberculoplasmin ;  the  filtered  water}^  solution  of  the  proto- 
plasm of  moist  living  bacilli  extracted  by  crushing  with  hydraulic 
pressure.^ 

7.  \\'atery  extracts  of  bacilli  without  culture  medium.^" 

8.  Tuberculinic  acid;  the  nucleic  acid  obtained  from  fat-free 
bacilli,  decomposed  by  superheated  steam. ^^ 

It  was  soon  discovered  that  the  original  tuberculin  produced  no 
immunity  against  relapses  of  tuberculosis  where  the  disease  seemed 
completely  arrested  and  even  apparently  cured  by  its  use.  Hence 
the  new  tuberculin,  containing  the  substance  of  the  bacilli  and 
not  its  extractive  matter,  was  introduced  by  Koch  because  it  was 
found  in  animals  to  confer  immunity  against,  as  well  as  to  be  cura- 
tive in  the  sense  of  complete  arrest  of  the  disease. 

The  results  of  these  experiments  with  the  new  tuberculin  are 
entitled  to  respect  (although  not  yet  completely  published  as 
promised)  (see  Beck^-),  because  they  show  the  possibility  of  pro- 
ducing at  least  temporary  immunity  in  guinea-pigs.  Unfortunately, 
the  conditions  are  such  that  man  cannot  tolerate  proportionately 
greater  doses  of  this  bacillus  poison,  nor,  if  he  could,  would  the 
immunity  be  certain  to  be  sufficiently  lasting  to  commend  its  use. 
The  clinical  results,  so  far  as  they  relate  to  new  tuberculin  for 
preventing  relapses,  are  disappointing,  though  inconclusive  as  yet. 
Moreover,  from  our  present  knowledge  of  its  effects,  the  tubercle 
bacillus  poisons  used  for  immunization  would  require  such  care 
to  avoid  overdosage  that  grave  danger  of  chronic  poisoning  and 
cachexia  would  result  from  attempts  to  keep  up  the  immunity  even 
in  vigorous  subjects. 

Therefore,  it  appears  to  me  that  the  subject  of  tuberculin  mainly 
interests  us  at  present  in  relation  to  its  local  action  on  tuberculous 
tissue,  and  to  the  mechanism  of  this  specific  relatively  increased 
tolerance,  observed  especially  as  a  consequence  of  injections  of  the 
new  tuberculins,  dead  bacilli  and  those  of  weak  virulence.^^  "  To 
discover  and,  if  possible,  utilize  this  relative  protection  for  passive 
immunity  in  the  treatment  of  tuberculosis  is  the  aim  of  research 
to-dav. 
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Much  interest  clings  to  the  nature  of  the  tubercuhn  reaction,  and 
many  theories  have  been  held  concerning  it.  That  of  Koch,  which 
assumed  a  direct  necrotizing  action  on  tuberculous  nodes ;  of 
Hertwig,^^  that  ascribed  it  to  chemotoxis ;  of  Eber,^^  to  "heightened 
cell  energy" ;  of  Buchner,^"  Rosenbach^^  and  Charrin^^  to  "latent 
inflammation,"  and  fever  susceptibility ;  of  Klein,-"  solely  to  mixed 
infections ;  of  Arloing,^^  to  weakening  of  the  tubercle,  and  increase 
of  secretion  by  the  bacilli ;  of  Liebmann-^  and  Ribbert,--  who  thought 
the  bacilli  were  increased  in  potency,  have  been  abandoned  or 
modified  with  further  study  and  the  discovery  of  analogies.  The 
later  assumption  of  Babes,-^  and  Proca  that  it  is  a  process  of  fer- 
mentation or  enzyme  activity  excited  by  tuberculin  is  more  in  line 
with  our  present  knowledge.* 

A  long  list  of  substances  is  now  known  to  produce,  like  tuberculin, 
local  and  general  reactions  in  tuberculous  subjects,  and  similar 
general  disturbances  with  fever  in  healthy  persons  when  larger 
doses  are  employed. 

In  general  they  are  digestion  products,  such  as  albumoses  and 
their  ferments ;  also  certain  alkaloids,  such  as  physostigmin,  pilo- 
carpin,  atropin ;  certain  acids,  as  cinnamic,-^  cantharidin,  and  espe- 
cially nucleic  acids  and  their  combinations  as  found  in  bacterial 
proteids,^^  and  finally  abrin,  ricin,  and  similar  irritant  bodies. 

Their  nature  taken  in  connection  with  our  most  recent  knowledge 
of  the  chemical  composition  of  tubercle  bacilli  and  of  bacteriolytic 
powers  of  serums,  is  to  me  highly  suggestive  of  the  ferment  or 
enzyme  theory  propounded,  and  to  some  degree  experimentally 
supported  by  Babes  and  Proca,^^  to  account  for  the  tuberculin  reac- 
tion. (See  Hahn.^)  I  may  be  permitted  to  present  it  with  modifi- 
cations to  fit  the  times,  somewhat  as  follows :  Tuberculin  and  allied 
irritants  cause  leucocytosis,  or  at  least  stimulate  the  secretion  of 
ferments  by  leucocytes  and  other  cells,  particularly  those  which  sur- 
round the  bacilli  as  a  wall.  This  ferment  attacks  both  the  injected 
irritant  and  the  similar  poisons  that  have  been  slowly  accumulating 
in  the  tubercles  during  the  life  cycle  of  the  bacillus.  The  general 
fever  reaction  now  comes  on  because  of  the  toxin  set  free,  altered 
by  or  combined  with  the  enzyme.     The  reactions  are  not  produced 

*  It  is  somewhat  unfortunate  that  our  ideas  of  the  reactions  and  dosage  should 
have  been  based  on  the  use  of  the  original  tuberculin,  since  it  is  a  crude  mix- 
ture, including  albumoses  and  peptones  from  the  culture  medium  which  bj' 
themselves  produce  reaction,  supplementing  that  produced  by  the  bacillus 
extract  proper. 
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in  verv  recent  tubercles  or  earliest  stage  of  tuberculosis,  because 
there  has  been  no  time  for  storage  of  toxin,  which  begins  when  the 
bacillus  ceases  to  grow  or  dies,  and  because  the  organism  as  a  whole 
has  not  developed  susceptibility  to  this  class  of  poisons,  or  power 
to  attack  them.  The  local  and  general  reactions  become  less  and 
less  as  more  tubercles  are  exhausted  of  toxin,  while  the  dose 
required  to  produce  them  increases  because  of  less  toxin  in  the  tuber- 
cles, and  also  because  of  the  now  lessened  sensitiveness  of  the  whole 
organism, — or, — toxin  immunity. 

Inoculations  of  sterilized  bacilli  produce  tubercles  and  suscepti- 
bility to  tuberculin  reaction.  Hence,  for  the  purpose  of  this  argu- 
ment, both  living  and  dead  bacilli  may  be  considered  simply  as 
chemical  irritants  which  the  defensive  mechanism  of  the  animal 
strives  to  disintegrate  and  excrete.  The  bacillus  being  markedly 
resistant  because  of  difficultly  soluble  fats  and  irritant  nucleo-bodies 
in  its  substance,  this  effort  fails  in  part  and  the  leucocytes  and  other 
cells  hedge  it  in  to  form  the  tubercle.  The  nearest  cells  imbibe 
or  slowly  dissolve  out  the  soluble  toxin  or  suffer  death  in  the  attempt. 
In  either  case  the  process  of  digestion  or  enzyme  action  is  too  slow 
to  effect  a  marked  local  or  general  disturbance  unless  there  are 
present  a  sufficient  number  of  tubercles  of  the  same  age,  or  unless 
tuberculin  and  similar  exciters  are  used,  or  there  are  accompanying 
infections  that  cause  an  increase  of  leucocytes  and  thus  more 
enzyme  action. 

This  hypothesis  satisfactorily  accounts  for  many  phenomena 
clinically  and  experimentally  observed  in  tuberculosis  and  tuberculin 
action,  and  gathers  force  from  the  recently  strengthened  theor\' 
of  Buchner,-^  that,  bactericidal  and  bacteriolytic  or  dissolving  prop- 
erties of  serums  are  proteolytic  enzymes  secreted  by  various  cells, 
but  preeminently  by  leucocytes.  The  agglutination  of  tubercle 
bacilli  by  serums  from  tuberculous  patients  has  been  claimed  by 
Arloing  and  Courmont,-"  and  while  this  may  not  be  a  wholly  specific 
property  it  indicates  the  presence  of  some  anti-body  allied  to  those 
in  bacteriolytic  serums.  If  then  we  may  assume  that  tuberculin 
acts  as  a  spur  to  the  functions  of  defense,  we  can  easily  apprehend 
the  danger  of  over-stimulation  and  harm  from  too  large  and  fre- 
quent dosage,  or  when  used  on  patients  with  poor  nutrition  or 
already  over-poisoned  by  their  malady.  Likewise  the  severe  local 
reactions,  particularly  in  the  lung,  could  cause  new  foci  by  washing 
out  the  bacilli.  While  this  may  have  occurred  during  the  tuber- 
culin craze,  I  believe  that  all  trustworthy  advocates  of  tuberculin 
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therapy  to-day,  after  years  of  observation,  think  that  no  recognizable 
danger  exists  where  the  violent  reactions  are  avoided  and  proper 
cases  are  selected. 

Whether  or  not  tuberculins  of  any  sort  should  be  favored  for 
limited  therapeutic  employment  in  the  light  of  our  present  knowl- 
edge, I  will  not  presume  to  decide,  but  that  they  can  favorably 
influence  a  pure,  localized  pulmonary  tuberculosis,  and  lupus,  in 
a  well-nourished  and  afebrile  patient,  seems  to  me  sufficiently  proven 
by  clinical  experience  coupled  with  animal  experiments.  Ob'/iously 
their  use  should  be  confined  to  institutions  and  the  patients  observed 
through  a  series  of  years. 

The  experience  of  Petruschy^^  is  valuable  in  showing  the  necessity 
for  repeated  injections  of  tuberculin  with  long  interruptions  in  order 
to  attain  an  absence  of  reaction-susceptibility  to  test  doses.  This  he 
regards  (and  to  my  mind  with  some  reason)  as  a  criterion  of  the 
complete  cicatrization  of  all  the  tubercles,  though  not  of  the  death  of 
all  bacilli  in  them(?).  How  far  such  a  criterion  may  hold  good 
depends  upon  how  much  an  acquired  toxin  immunity  from  the 
previous  injections  may  have  to  do  with  it,  but  it  is  safe  to  say  that 
a  latent  tuberculosis  in  a  person  in  apparent  good  health,  that  will 
not  react  to  a  full  diagnostic  dose  of  tuberculin,  should  cause  no 
anxiety.  The  few  patients  who  have  stood  the  test  of  time  and 
tuberculin  after  long  intervals  are  the  only  ones  of  value  in  a 
clinical  estimate  of  the  curative  influence  of  tuberculin  in  the  sense 
above  mentioned  (complete  cicatrization  of  foci). 

It  appears  uncertain  that  tuberculins  can  do  any  more  for  the 
local  process  in  aiding  cicatrization  or  absorption  of  tubercles  than 
other  leucocyte  irritants,  such  as  cinnamic-acid'^  and  nucleins ;  but 
if  a  certain  degree  of  toxin  immunity  can  be  produced  by  the  new 
tuberculins  it  is  more  rational  to  employ  such  a  specific  irritant. 
Considering  the  difficulty  and  danger  of  producing  even  comparative 
immunity  by  the  use  of  tuberculins,  the  question  is  practically 
resolved  to  this :  Can  we  safely  aid  nature  to  advantage  in  her 
attempt  to  hem  in  and  destroy  the  tubercle  bacillus  and  its  products 
by  medication  that  increases  the  hyperemia  and  absorption  from 
tuberculous  nodes?  I  think  it  is  reasonable  to  affirm  that  we  can 
within  narrow  limits. 

The  successful  treatment  of  tuberculous  joints  by  combined  active 
and  passive  hyperemia  (Bier's^"  method),  the  complete  absorption 
of  tubercles  from  the  peritoneum  after  simple  laparotomy,  due  to 
reactive  hyperemia  (Hildebrandt^''),  and  the  same  result  in  lupus 
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from  tuberculin,  X-ray,  and  other  methods  producing  inflammation, 
are  certain  indications  that  it  is  rational  so  far  as  they  can  be  applied 
to  pulmonary  tuberculosis.^^ 

A  more  attractive  subject  for  consideration  is  serum  therapeutics 
in  tuberculosis,  which  is  in  an  experimental  stage  at  present.  A 
great  variety  of  relatively  immune  animals  and  birds  have  been 
utilized  in  the  search  for  an  anti-tuberculous  serum  without  practical 
success. 

On  the  other  hand,  Z^Iaragliano^-  and  deSchweinitz^*  have 
attained  prolongation  of  life  in  tuberculous  guinea-pigs  with  the 
serum  of  horses  injected  with  bacillus  toxins.  The  serums  have 
been  and  are  being  used  clinically  with  greater  or  less  claims  for 
success. 

Paterson"^  and  Behring  and  Ransom^*  found  antitoxic  properties 
in  certain  bird  serums,  and  deSchweinitz^*  and  Behring^*  in  tuber- 
culous cows  treated  with  toxins.  These  were  found  unsuited  for  use 
on  human  subjects  because  of  irritant  properties.  Mafifucci  and 
Vestea^^  obtained  prolongation  of  life  in  guinea-pigs  with  serum  of 
toxin-treated  sheep,  but  as  it  produced  fever  it  was  thought  to  con- 
tain tuberculin,  and  its  activity  thus  accounted  for.  The  antitoxic 
properties  of  the  serums  of  jMaragliano  and  Behring  were  assumed 
to  be  demonstrated  by  the  inhibition  of  a  tuberculin  reaction  in  a 
human  subject,  and  prevention  of  death  from  a  fatal  dose  of  the 
toxin  in  healthy  guinea-pigs.  Xone  have  so  far  been  proven  bac- 
tericidal or  immunizing,  and  the  evidence  is  yet  unsatisfactory  (see 
Trudeau  and  Baldwin^®)  as  to  the  much-wished-for  antitoxic  power, 
which  is  at  least  so  weak  as  to  be  unappreciated  when  measured  by 
its  immediate  influence  on  the  fever  of  tuberculous  patients.  Thus 
far  no  tissue  has  been  found  to  have  an  especial  affinity  for  the 
bacillus  toxin  as  in  tetanus  and  diphtheria.  This  may  be  the  reason 
that  we  have  such  slight  evidence  of  the  presence  of  a  strictly  anti- 
toxic body. 

It  might  be  expected  from  what  has  been  learned  about  the 
mechanism  of  the  tuberculin  reaction  that  a  bacteriolytic  property 
might  be  obtained  in  serums  or  tissue  extracts  of  immunized 
animals.  If  present,  the  practical  value  of  such  a  serum  might 
be  limited  by  its  inability  to  get  at  the  bacillus  in  the  caseating 
tubercles,  unless,  like  laparotomy  in  tuberculous  peritonitis,  it  could 
cause  their  complete  absorption.  The  whole  subject  is  being  studied 
earnestly  for  more  light  on  these  problems,  and  we  may  not  lose 
hope  for  results  of  practical  value. 
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ox     RECEXT     ADVANCES    IN    OUR    KNOWLEDGE     CONCERNING    THE 
AETIOLOGY   OF   MALARIAL    FETER. 

BY  WILLIAM  SYDNEY  THAYER,   M.D. 

Associate  Professor  of  Medicine  in  the  Johns  Hopkins  University. 

Three  years  ago,  at  the  time  of  the  last  session  of  this  Congress, 
the  form  in  which  the  malarial  parasite  lives  outside  of  the  human 
body,  and  its  manner  of  entrance  into  the  organism,  were  matters 
of  speculation.  The  idea,  especially  insisted  upon  by  Manson,'^ 
that  the  crescentic  forms  of  the  aestivo-autumnal  parasite  might 
represent  bodies  "intended  to  carry  on  the  life  of  the  species  out- 
side the  human  body,"  and  the  view  expressed  also  by  Dock^  and 
Mannaberg^  that  the  flagella,  upon  the  functional  importance  of 
which  their  discoverer,  Laveran,  had  always  insisted,  might  represent 
the  first  stage  in  the  life  of  the  malarial  parasite  in  an  external 
medium — these  were  still  matters  of  dispute. 

With  regard  to  the  manner  of  infection  there  existed  three  main 
theories. 

1.  That  the  disease  was  acquired  through  the  gastro-intestinal 
tract,  especially  by  drinking  water. 

2.  That  the  infectious  agent  entered  through  the  inhaled  air. 

3.  That  inoculation  occurred  through  the  bites  of  insects. 
Suggestive  evidence  against  the  idea  that  the  disease  might  be 

acquired  through  the  gastro-intestinal  tract  had  been  furnished  by 
the  experiments  of  Celli,  Marino,  Zeri,  Grassi  and  Feletti* ;  while 
a  careful  study  of  the  literature,  as  well  set  forth  by  Norton,^ 
revealed  the  utter  lack  of  evidence  in  support  of  the  theory  that 
malaria  is  a  water-borne  disease. 

With  regard  to  the  theory  that  the  infectious  agent  entered  through 
the  respiratory  tract,  it  could  only  be  said  that  while  certain  general 
facts  spoke  in  its  favor,  no  positive  evidence  had  ever  been  adduced 
in  its  support. 

That  inoculation  might  occur  through  the  bites  of  insects,  and 
especially  of  the  mosquito,  had  become  an  attractive  hypothesis. 
This  theory,  to  which  Nott"  had  referred  in  1848,  was  first  definitely 
put  forward  by  King"  in  1883 ;  it  was  again  mentioned  by  Laveran® 
in  1891  and  1895.     The  arguments  in  favor  of  the  mosquito-theory. 
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the  strongest  being  the  remarkable  observations  of  Theobald 
Smith^,  concerning  Texas  cattle  fever,  were  well  brought  together 
in  1896  by  Bignami.^°  Experimental  evidence,  however,  in  support 
of  this  view  was  entirely  lacking,  despite  the  fact  that  Bignami  (loc. 
cit.)  and  Dionisi  had  already  attempted  to  produce  the  disease  by 
exposing  individuals  to  the  bites  of  mosquitoes. 


]\Ianson,  it  will  be  remembered,  was  not,  at  this  time,  an  advocate 
of  the  theory  that  the  disease  might  be  inoculated  through  the  agency 
of  mosquitoes.  Assuming,  as  has  been  mentioned  before,  that  the 
crescentic  forms  of  the  parasite  might  represent  bodies  intended 
to  carry  on  the  life  of  the  species  outside  of  the  human  body,  he 
put  forward  the  hypothesis  that  the  mosquito  might  act  as  an  inter- 
mediate host  for  the  malarial  organisms,  as  it  does  for  the  filaria 
sanguinis  hoininis;  that  after  ingestion  the  parasites  might  enter 
into  the  tissues  of  the  mosquito,  living  there,  in  some  form,  until 
set  free  again  with  the  death  of  the  insect.  He  was  inclined  to 
think  that  they  might  be  reintroduced  into  the  human  being  through 
the  ^astro-intestinal  tract.^^ 


In  the  summer  of  1897  ^lacCallum^-  cleared  up  the  much  dis- 
puted question  as  to  the  nature  of  the  flagellate  bodies.  His  obser- 
vation that  in  the  Laverania  Danilevskyi'^  there  exist  sexually  differ- 
entiated forms  of  the  parasite,  the  flagella,  representing  the  male 
elements,  penetrating  and  fecundating  the  female  forms,  was  the 
first  real  advance.  This  discovery  not  only  demonstrated  the  nature 
of  the  flagellate  bodies,  but,  from  analogy  with  other  biological  pro- 
cesses, justified  the  inference  that  the  resultant  fecundated  element 
might  represent  a  form  capable,  perhaps,  of  development  in  a  medium 
other  than  the  blood  of  the  animal  in  which  it  had  arisen. 

In  the  meantime  Ross,^^  working  in  India  at  the  suggestion  of 
Alanson,  had  noted  the  development  of  flagellate  bodies  within  the 
stomach  of  mosquitoes  which  had  been  fed  upon  patients  whose 
blood  contained  crescentic  aestivo-autumnal  parasites.  Later  Ross^* 
observed  in  the  stomach  walls  of  several  of  these  mosquitoes,  which 

*  In  the  studies  of  Opie  and  MacCallum  this  parasite  has  been  referred  to  as 
the  Halteridium  of  Labb6,  but,  as  Laveran  has  justly  pointed  out  (Comptes 
rendus  hebd.  d.  s6  de  la  Soc.  de  Biol.,  Par.,  1899,  s.  xi,  T.  i,  603),  according  to 
the  rules  of  nomenclature,  the  specific  name  Laverania  Danilevskyi,  recom- 
mended previously  by  Grassi  and  Feletti,  is  the  more  proper  term. 
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have  been  since  shown  to  belong  to  the  genus  anopheles,  a  number 
of  round,  refractive,  encapsulated  bodies  containing  granules  of 
pigment  quite  similar  to  that  previously  contained  in  the  crescentic 
parasites  which  had  been  ingested.  These  structures,  unlike  any 
wh'ich  he  had  previously  observed  in  the  mosquito's  stomach,  he 
suspected  to  be  stages  of  an  extra-corporeal  cycle  in  the  life  history 
of  the  malarial  parasite. 

Owing  to  a  dearth  of  material  Ross^^  was  compelled  to  continue 
his  experiments  upon  birds.  He  soon  found  that  on  the  second 
day  after  feeding  the  '"grey  mosquito"*  upon  birds  infected  w'ith 
the  Proteosoma  Grassii,  similar  bodies  appeared  in  the  muscular 
coat  of  the  stomach  wall.  These  bodies,  at  the  beginning,  measured 
about  7-8  micromillimeters  in  diameter,  showed  a  well  marked  refrac- 
tive capsule,  granular  contents  and  a  number  of  particles  of  pig- 
ment quite  similar  to  those  previously  existing  in  the  haematozoa. 
In  repeated  experiments  Ross  followed  the  gradual  development  of 
these  structures,  until,  at  the  end  of  seven  or  eight  days,  their  diame- 
ter measured  nearly  70  micromillimeters.  At  this  period  they  pro- 
jected from  the  external  coat  of  the  stomach  into  the  coelom. 

Soon  afterwards  the  capsules  ruptured,  setting  free  a  number  of 
delicate  spindle-shaped  bodies,  which  were  later  found  accumulated 
in  great  numbers  in  the  large  clear  cells  of  the  veneno-salivary 
glands.  Feeding  experiments  proved  that  at  this  stage  the  mosqui- 
toes were  capable  of  transmitting  the  parasite  to  non-infected  birds. 

Early  in  the  course  of  the  work  Ross  and  jManson  assumed  that 
the  penetration  of  the  stomach  wall  was  accomplished  by  the  motile 
pseudo-vermicules  which  IMacCallum  {loc.  cit.)  had  shown  to  be 
the  followers  of  fecundation  in  the  Laverania  Danilevskyi;  and 
Koch^®  has  since  observed  the  development  of  these  pseudo-vermi- 
cules in  proteosoma-containing  blood  within  the  mosquito's  stomach. 

Ross  thus  demonstrated  the  fact  that  the  "grey  mosquito"  was 
not  only  capable  of  playing  the  part  of  an  intermediate  host  of 
the  Proteosoma  Grassii,  but  further  might  actually  transmit  the 
infection  from  one  bird  to  another.  These  observations  have  since 
been  confirmed  by  Daniels"  in  India,  and  Koch  {loc.  cit.)  in  experi- 
ments made  with  the  culex  nemorosus  in  Italy. 


*This  mosquito  was  at  first  thought  b)-  Grassi  to  be  identical  with  the  ct4/ex 
pipiens,  but  Giles,  who(Journ.  Trop.  Med..  Lond.,  1899,  ii,  62)  has  recently  made 
a  careful  study  of  the  mosquitoes  which  Ross  employed  in  its  investigations, 
asserts  that  it  is  similar  to,  if  not  identical  with  the  cukx  fatigans  described  by 
Wiedemann. 
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Simultaneously  with  Ross's  work,  Grassi's^^  interesting  studies 
in  Italy  revealed  the  fact  that  several  varieties  of  mosquitoes,  namely 
the  anopheles  claviger,  culex  penicillaris,  and  the  culex  malariae, 
were  almost  invariably  present  in  malarious  localities,  at  the  malarial 
season.  This  association  was  so  constant  that  Grassi  was  led  to 
believe  that  some  definite  relation  must  exist  between  the  presence 
of  some  or  all  of  these  mosquitoes  and  the  prevalence  of  malaria. 
Bignami,^"  in  the  meantime,  had  succeeded  in  producing  malarial 
infection  by  exposing  a  patient  to  the  bites  of  mosquitoes  collected 
from  malarious  localities ;  and  Grassi  showed  that  while  only  mem- 
bers of  the  genus  culex  had  been  employed  in  the  early  unsuccess- 
ful experiments,  on  this  latter  occasion,  a  number  of  specimens  of 
anopheles  claviger  had  been  present. 

Grassi,  Bastianelli,  and  Bignami^°  then  proceeded  to  feed  speci- 
mens of  a.  claviger  on  infected  human  beings,  and  were  soon  able 
to  demonstrate  the  various  phases  of  the  life  of  the  human  malarial 
parasites  in  the  mosquito.  Only  members  of  the  genus  anopheles 
appear  to  serve  as  hosts  for  the  human  malarial  parasite,  but  all 
species  of  this  genus  so  far  studied  by  them  have  proved  themselves 
capable  of  harboring  the  organism.-^ 

The  Italian  observers  have  followed  the  complete  extra-corporeal 
cycle  of  all  three  species  of  the  parasites.  After  entering  the 
mosquito's  stomach,  flagellation  and  fecundation*  occur,  the  fecun- 
dated bodies  develop  into  pseudo-vermicxiles ;'\  and  about  forty  hours 
after  feeding,  there  develop  within  the  stomach  walls,  structures 
closely  similar  to  those  observed  in  the  "grey  mosquito"  fed  on 
/'ro^^o^o;;za-containing  blood.  These  undergo  a  similar  course  of 
development,  reaching  maturity  in  about  a  week,  rupturing  and  set- 
ting free  great  numbers  of  small  spindle-shaped  bodies  which  accu- 
mulate in  the  salivarv  gland  of  the  insect. 


*The  actual  process  of  fecundation  has  never  been  observed  in  the  mos- 
quito's stomach.  MacCallum's  observations  of  penetration  in  fresh  blood  on 
the  slide  is  as  yet  the  only  one.     That  it  must  occur,  however,  is  fairly  clear. 

fThat  it  is  \\\e  pseudo-vermicide  which  enters  into  the  stomach  wall  is  shown 
by  the  structure  of  the  earliest  forms  of  the  fecundated  aestivo-autumnal  bodies 
found  by  Grassi,  Bastianelli  and  Bignami,  and  by  us  in  our  one  successful  feed- 
ing experiment  with  the  aestivo-autumnal  parasite,  and  especially,  by  more  care- 
ful studies  of  the  early  changes  occurring  in  the  fecundated  aestivo-autumnal 
parasite  in  the  mosquito's  stomach  by  Bastianelli  and  Bignami.*"' 
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A  sufficient  number  of  inoculation  experiments  have  proved  that 
the  bite  of  a  single  mosquito  with  infected  salivary  glands  is  capable 
of  transmitting  the  disease. 

Observ'ations  by  the  British  West  Africa  expedition--  and  a  few 
w^hich  we  have  had  the  good  fortune  to  make  in  this  country,  have 
confirmed  the  beautiful  studies  of  the  Italian  observers. 


The  conditions  in  Baltimore  appear  to  be  essentially  the  same  as 
those  in  Northern  Italy.  In  the  city  we  observe  one  main  variety  of 
mosquito,  the  culex  pungens,^  while  in  the  suburbs,  we  have  found 
numerous  examples  of  other  culices,  especially  the  c.  taeniorhycus 
and  the  c.  triseriatus.  Repeated  feeding  experiments  with  diflPer- 
ent  culices  upon  human  beings  and  upon  birds  infected  with  Lave- 
rania  DanUevskyi  were  without  result. 

At  Sparrows'  Point,  a  most  malarious  district  in  the  suburbs,  and 
in  a  number  of  houses  in  the  neighborhood,  besides  the  ordinary 
culices,  there  were  found  great  numbers  of  the  anopheles  quadri- 
maculatus  Say.  This  anopheles,  both  in  the  markings  upon  its 
wings,  and  in  its  gross  appearance,  is  very  similar  to  the  anopheles 
claviger. 

In  several  examples  of  this  mosquito  obtained  from  the  room  of 
a  patient  suffering  with  malaria,  there  were  found,  in  the  stomach 
Avail,  characteristic  encapsulated,  refractive,  pigment-containing 
bodies,  corresponding  in  every  way  to  the  extra-corporeal  stages 
of  the  tertian  parasite  which  I  have  since  had  the  pleasure  of  observ- 
ing in  Bastianelli's  specimens.  In  two  examples  of  the  anopheles 
qiiadrimactdatus,  fed  upon  a  patient  whose  blood  contained  full- 
grown  tertain  parasites,  Wooley,  in  our  laboratory,  has  been  able 
to  obtain  similar  bodies.  In  one  a.  quadrimaculatus  fed  upon  the 
blood  of  a  patient  containing  crescentic  bodies  there  were  found  in 
the  stomach  wall,  about  thirty  hours  after  feeding,  two  lanceolate  pig- 
mented bodies,  in  every  way  corresponding  to  the  earliest  stages  of 
the  extra-corporeal  phase  of  the  aestivo-autumnal  parasite. 

The  relation  of  the  distribution  of  anopheles  to  the  prevalence  of 
malaria  has  not  as  yet  been  carefully  studied  in  this  country.  In 
Baltimore  we  have  obtained  only  culices  from  the  city  proper,  where 
malaria  is  infrequent.     From  two  houses  on  the  outskirts,  in  each  of 

*I  am  much  indebted  to  Dr.  L.  O.  Howard  and  Mr.  D.  W.  Coquillet,  of  the 
Agricultural  Department  in  Washington,  for  identifying  the  different  mosquitoes 
which  we  have  found,  and  for  many  kind  suggestions. 


J 
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which  malaria  existed,  specimens  of  the  anopheles  qtiadrimaculatiis 
have  been  obtained.  From  Sparrows'  Point  and  a  number  of  houses 
in  the  neighborhood  along  the  Eastern  shore,  a  district  in  which 
malaria  is  prevalent,  considerable  numbers  of  a.  quadrimaciilatiis 
have  been  found. 

On  October  28th,  I  was  enabled,  through  the  courtesy  of  Dr. 
Lewis,  to  visit  the  town  of  Jackson,  Northampton  County,  North 
Carolina.  This  is  situated  in  the  lower  Roanoke  region,  near  an 
excessively  malarious  district.  The  season  was  late,  frosts  having 
occurred,  but  in  the  houses  in  that  part  of  the  town  in  which  the 
most  serious  malaria  prevailed,  we  found  only  the  anopheles — not 
a  single  culex.  In  one  of  these  houses  thirty  or  forty  examples  of 
the  a.  qnadriinacidatus  were  found.  In  the  swamps  about  the 
Roanoke  we  found  several  specimens  of  the  c.  posticatits  and  of  the 
c.  triseriatus  and  one  anopheles  punctipennis  Say. 

Two  days  later  I  visited  Newport  News,  \'irginia,  where  a  con- 
siderable amount  of  malaria  had  existed.  The  weather  had  been 
cold,  and  only  in  one  house  did  I  find  anopheles  quadriniaculatus.  In 
this  house,  however,  there  were  two  convalescents  from  malarial 
fever. 

In  New  Orleans,  in  the  first  week  in  December,  great  numbers  of 
the  c.  pnngens  were  found  in  the  city.  In  the  swampy  malarious 
regions  about  the  lake  beside  c.  pnngens,  c.  consobrinus  and  c. 
fasciatus,  numerous  specimens  of  anopheles  quadrimacidatus  and  c. 
crucians  Wied.  were  found ;  these  were,  for  the  most  part,  hibernat- 
ing in  barns  and  stables. 

In  a  pool,  in  a  stone  quarry  just  outside  the  city  limits  of  Balti- 
more, Dr.  Lazear  discovered  a  breeding  place  of  the  a.  punctipennis; 
and  numerous  examples  were  found  hibernating  in  the  cellar  of  a 
house  in  a  similar  locality. 

The  malarial  season,  last  year,  was  unusually  mild,  and  our  oppor- 
tunities for  feeding  experiments  were  poor.  So  far  our  only  positive 
results  have  been  those  mentioned,  all  three  having  been  obtained 
with  the  a.  quadriniaculatus.  Last  September,  however,  I  had  the 
privilege  of  seeing  the  beautiful  specimens  of  Drs.  Bastianelli  and 
Bignami,  which  are  entirely  convincing. 

* 
*  * 

The  malarial  parasites  then  possess,  in  common  with  the  coccidia 
as  shown  by  Simond,  Schaudinn,  Siedlecki  and  others,  two  cycles  of 
development.     The  first,  taking  place  entirely  within   the  human 
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being,  is  asexual  {Schisogonia.-")  ending  in  segmentation,  the  result- 
ant segments,  merozoids,  penetrating  new  corpuscles  to  undergo 
again  a  similar  cycle  of  development.  After  a  while,  however,  there 
develop  sex-ripe  forms,  gametes,  which  may  be  distinguished  mor- 
phologically, especially  by  their  staining  reactions.  These  elements 
are  destined  to  pursue  another  cycle  of  existence  in  the  body  of  the 
mosquito  (sporogonia).  After  ingestion  by  the  mosquito  the  male 
elements  {micro gametocytcs)  undergo  flagellation,  the  flagella 
{micro gametes)  escaping  and  penetrating  the  female  elements 
{macro gametes).  These  fecundated  bodies  undergo  the  changes 
above  described,  developing,  at  first,  into  the  motile  pseudo-vermi- 
cule  or,  as  Liihe-^  prefers  to  term  it,  ookinete.  This  penetrates  the 
stomach  wall  of  the  mosquito  and  there  becomes  an  oocyst  {zygote, 
Ross^*)  in  which  there  arise  great  numbers  of  sporohlasts  {zygoto- 
hlasts,  Ross)  which,  escaping  from  the  mother  cyst,  change  directly, 
without  encapsulation,  into  sporozoids  which  accumulate  in  the 
veneno-salivary  gland  of  the  insect,  and  with  its  bite,  are  introduced 
into  the  new  host,  giving  rise  thus  to  a  fresh  infection.  The 
sporozoid  which  has  developed  in  the  oocyst,  in  the  stomach  wall  of 
the  mosquito,  is  then  the  equivalent  of  the  merozoid  resulting  from 
the  asexual  segmentation  of  the  full-grown  parasite  in  the  circula- 
tion. Either,  on  entering  a  red  corpuscle  may  give  rise  to  the 
asexual  or  sexual  cycles.  As  a  rule  the  first  several  generations  after 
a  fresh  infection  pursue,  for  the  most  part,  the  asexual  cycle,  sexual 
forms  developing  later.  The  time  of  appearance  of  the  sex-ripe 
forms  varies  greatly  in  different  cases  and  in  different  species  of 
parasites.  In  some  cases  of  tertian  and  aestivo-autumnal  fever  they 
appear  relatively  early.  In  quartan  infections  they  are  apparently 
particularly  tardy  in  their  development  "'. 

* 
*  * 

It  may  then  be  considered  as  proven. 

1.  That  the  malarial  parasites  possess  a  cycle  of  existence  which 
is  completed  in  the  stomach  wall  of  mosquitoes  of  the  genus 
anopheles. 

2.  That  members  of  the  genus  anopheles  are  capable  of  transmit- 
ting malaria  from  infected  to  non-infected  individuals. 

Is  this  the  only  way  in  which  malaria  may  be  acquired? 

At  the  present  moment  it  may  be  said  that  it  is  the  only  proven 
way;  that  from  analogy  with  other  similar  diseases  it  is  rather 
unlikely  that  there  is  more  than  one  manner  of  infection ;   that  up 
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to  the  present  time  this  theory  explains  most  conditions  associated 
with  malarial  infection-^ ;  that  reports  showing  the  protective  efficacy 
of  mosquito  nets,  even  in  the  most  malarious  districts,  are  rapidly 
accumulating;  that  there  is  no  serious  evidence  in  support  of  any 
other  theory. 

And  yet,  even  if  we  accept  the  theory  that  the  only  manner  in 
which  malaria  can  be  acquired  is  through  the  bites  of  mosquitoes, 
several  questions  arise.  Experiments  have  as  yet  failed  to  show 
any  evidence  of  a  transmission  of  the  infectious  agent  from  mosqui- 
toes to  their  progeny. 

Can  the  mosquito  acquire  the  infectious  agent  only  from  man? 
Would  the  mere  removal  of  all  cases  of  malaria  from  a  given  region 
eliminate  all  source  of  infection? 

The  evidence  which  we  now  have  tends  to  favor  an  affirmative 
reply  to  these  questions. 

Are  we  then  to  assume  that,  in  wild  and  sparsely  populated  tropi- 
cal regions,  an  intermediate  part  must  always  be  played  by  man? 

This  seems,  at  first,  hard  to  believe.  And  yet  it  would  be  rash 
to  express  oneself  too  positively  before  careful  investigations  have 
been  made  with  this  point  in  view.  It  is  often  surprising  to  find 
how  firmly  baseless  impressions  become  fixed  upon  our  minds. 

Have  we  any  positive  proof  that  uninhabited,  tropical,  anophcles- 
containing  regions,  are  dangerous  to  individuals  free  from  infection 
on  their  arrival  ?  One  cannot  but  remember,  in  connection  with  this, 
the  statement  sometimes  made,  that  in  tropical  Africa,  for  instance, 
exploring  parties  may  spend  considerable  periods  of  time  in  the 
uninhabited  interior  without  illness,  even  though  the  regions  may 
appear,  from  outward  conditions,  most  unhealthy.  It  is  only  on 
returning  to  the  sea  coast,  to  districts  where  the  surroundings  might 
appear  to  be  better,  that  outbreaks  of  malaria  occur.  This  hitherto 
inexplicable  fact  becomes  clear  if  we  assume  that,  in  the  interior, 
though  all  conditions  are  present  for  a  spread  of  the  disease,  the 
mosquitoes  are  uninfected  and  so,  harmless ;  it  is  only  on  coming 
back  to  a  settlement  where  malaria  is  endemic  and  the  mosquitoes 
are  infected,  that  the  disease  breaks  out. 

The  well  known  history  of  the  epidemic  of  malaria  in  Reunion 
Island  is  interesting  in  this  connection.  Here,  in  a  region  which, 
from  its  climate  and  general  character  might  have  been  expected  to 
be  malarious,  the  disease  was  unknown.  In  1869,  in  connection  with 
an  immigration  from  India,  malaria  appeared  as  an  epidemic,  and 
since  this  time  has  remained  endemic. 
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Studies  by  Celli  and  Delpino,-*'  by  Grassi  {loc.  cit.),  and  by  Bas- 
tianelli  and  Bignami  {loc.  cit.),  of  epidemics  in  small  communities, 
have  shown  that  the  vernal  cases  of  malaria  are  almost  all  relapses ; 
that  during  the  month  of  June  the  anopheles  begins  to  be  active;  that 
about  a  month  after  the  beginning  of  the  activity  of  the  anopheles, 
the  true  epidemic  of  malaria  begins,  starting  apparently  in  foci  about 
individuals  who  have  recently  suffered  from  relapses  of  the  disease. 
During  the  season  in  which  the  anopheles  prevails  the  malarial 
epidemic  flourishes  only  to  subside  again  with  the  disappearance 
of  the  mosquitoes. 

There  is  then  reason  to  believe  that  if,  in  any  given  region,  (i) 
proper  measures  for  treating  the  early  relapses  of  malaria  were 
adopted,  and  (2)  efficient  measures  for  destroying  the  dangerous 
mosquitoes  in  their  larval  stage  could  be  carried  out,  the  prevalence 
of  malaria  might  be  materially  controlled. 

The  importance  to  the  community  of  insisting  upon  the  proper 
treatment  of  all  cases  of  malarial  fever  cannot  be  too  strongly 
emphasized.  An  infected  patient  in  a  malarious  district  is  a  source 
of  danger  to  those  about  him. 

Before  we  can  attempt,  however,  to  carry  out  intelligently  meas- 
ures to  destroy  the  mosquitoes,  we  must  first  further  control  the 
important  work  of  Ross  and  the  Italians ;  we  must  determine  defi- 
nitely the  dangerous  species  of  mosquitoes  in  this  country ;  we  must 
study  their  distribution,  their  habits,  their  breeding-places. 

The  valuable  prophylactic  hints  which  the  recent  discoveries  have 
given  us,  have  been  well  brought  together  and  published  by  the 
Liverpool  School  of  Tropical  Medicine.-" 

It  is  much  to  be  hoped  that  the  results  of  the  intelligent  applica- 
tion of  such  and  other  measures  may,  in  the  near  future,  demonstrate 
the  practical  importance  of  the  new  knowledge  which  we  are  now 
gaining. 
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THE   AETIOLOGY   OF   TROPICAL   DYSENTERY. 
BY  SIMON  FLEXNER,   M.D., 

Professor  of  Pathology  in  the  University  of  Pennsylvania. 

The  imperfection  of  our  knowledge  of  the  nature  of  dysentery  is 
not  due  to  lack  of  opportunity  for  or  of  energy  in  its  study.  The 
disease,  in  the  past  quarter  of  a  century,  has  not  escaped  the  atten- 
tion of  bacteriologists,  although  it  must  be  confessed  that  the  results 
of  somewhat  extensive  studies  along  these  lines  have  been  far  less 
conclusive  than  might  have  been  predicted.  The  attempt  to  estab- 
lish a  common  aetiological  factor  for  all  cases  of  dysentery  has  thus 
far  failed.  This  failure  has  tended  to  emphasize  the  existence  of 
several  pathological  states  for  which  the  term  dysentery  is  employed 
merely  as  the  collective  designation.  That  these  conclusions  regard- 
ing the  disease  may  after  all  not  be  in  keeping  with  the  facts,  is  at 
least  open  to  suspicion.  When  we  recall  the  protean  nature  of 
other  infectious  diseases,  there  can  be  no  a  priori  objection  to  the 
hypothesis  that  the  causative  agent  of  dysentery  need  not  necessarily 
vary  for  each  of  the  many  types  of  the  disease  that  have,  from  time 
to  time,  been  distinguished. 

That  the  lines  of  demarkation  between  the  several  clinical  and 
pathological  types  should  be  inaccurate,  is  not  a  matter  of  wonder. 
Both  the  beginning  and  end  of  any  given  instance  may  vary  very 
widely  and  the  symptoms  and  lesions  of  cases  arising  sporadically 
in  temperate  climates  may  agree  with  those  of  dysentery  occurring 
endemically  in  the  tropics  or  epidemically  in  both  localities.  The 
terms  "catarrhal,"  "tropical,"  "epidemic"  and  "diphtheritic"  are  far 
from  signifying  sharp-cut  entities. 

As  must  always  occur  when  classification  of  a  disease  proceeds 
upon  clinical  and  pathological  rather  than  aetiological  lines,  the 
literature  of  dysentery  is  burdened  with  an  interminable  mass  of 
appellations  indicating  the  nature  of  the  disorder  or  the  author's 
conception  of  its  pathological  anatomy.  Dysenteries,  however,  are 
now  divided  by  the  chief  writers  into  several  groups,  depending 
upon  the  clinical  history  or  the  mode  of  prevalence;  thus  Osier 
writes  of  the  acute  catarrhal,  tropical  or  amoebic,  the  diphtheritic 
and  the  chronic  dysentery.     Davidson  considers  the  subject  under 
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two  headings ;  first,  according  to  prevalence — epidemic,  endemic,  the 
dysentery  of  war  and  famine ;  second  upon  chnical  grounds, — acute, 
fibrinous  or  pseudo-diphtheritic,  and  chronic  dysentery.  KartuHs 
described  endemic,  epidemic  and  sporadic  varieties ;  Manson  speaks 
of  a  catarrhal  and  ulcerating  dysentery,  while  Delafield  distinguishes 
in  the  environs  of  New  York  at  least  five  distinct  types  of  the 
disease,  only  one  of  which  appears  to  be  due  to  a  specific  agent,  the 
amoeba  coli. 

Bacteria  have  been  urged  by  many  investigators  as  the  cause  of 
dysentery ;  the  earlier  studies  of  Klebs,  Prior  and  Ziegler,  have  now 
only  a  minor  historical  interest,  although  Ziegler  still  holds  that 
the  relation  of  certain  bacilli  to  the  lesions  speaks  for  their  pathogenic 
action.  The  early  studies  of  Hlava  upon  the  epidemic  disease 
yielded  quite  inconclusive  results.  Chantemesse  and  Widal  were 
somewhat  more  fortunate  in  that  from  five  cases  of  tropical  dysentery 
they  obtained  bacillus  which,  when  injected  into  the  stomach  or 
rectum  of  guinea-pigs,  gave  rise  to  diphtheritis,  an  observation  how- 
ever which  Grigoriew,  who  believed  that  he  had  isolated  the  same 
micro-organism  from  ten  cases  of  dysentery,  failed  to  confirm. 
Maggiori  obtained  from  ii  cases  of  the  epidemic  disease,  B.  coli 
communis.  This  investigator  considered  it  highly  probable  that  the 
disease  was  caused  by  this  organism,  whose  virulence  was  intensified, 
a  conception  also  shared  by  Laveran,  Arnaud,  Celli  and  Fiocca  and 
Escherich,  who  isolated  the  same  organism  from  dysenteric  cases. 

The  studies  upon  this  bacillus  by  Celli  and  Fiocca  are  the  most 
important  which  we  possess.  Their  cases  included  examples  of  the 
sporadic,  epidemic  and  tropical  disease  occurring  in  Italy  and  Egypt. 
They  paid  special  attention  to  the  occurrence  and  action  of  the 
amoeba  coli  so  that  they  are  doubly  useful.  They  exclude  this 
organism  as  a  cause  of  any  form  of  the  disease  and  consider  that 
a  variety  of  the  colon  bacillus,  particularly  pathogenic,  which  they 
designate  B.  coli  dysenteriae,  is  responsible  for  the  lesions.  A  toxin 
separated  from  growths  of  the  organism  was  found  to  act  upon  the 
intestines  of  animals  in  a  manner  similar  to  the  bacilli.  Results 
similar  to  those  of  Celli  were  obtained  by  Del  Pino  and  Allessandri. 
The  colon  bacillus  is  also  believed  by  Escherich  to  play  an  important 
part  in  the  production  of  colitis  contagiosa  in  children ;  in  its  morbid 
anatomy  the  disease  agrees  with  catarrhal  dysentery. 

The  bacilli  thus  far  enumerated,  except  those  of  Chantemesse 
and  Widal,  show  no  specific  properties.  They  all  represent  a  well- 
known  bacterial  species,  constantly  present  normally  in  the  situa- 
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tions  from  which  they  were  obtained  in  disease,  and  whose  only 
unusual  properties  were  increased  virulence,  when  tested  upon 
animals,  and  a  capacity  to  set  up  enteritis  when  injected  into  the 
intestine  of  dogs  and  cats. 

Investigation  of  an  epidemic  of  dysentery  which  prevailed  in 
Japan  yielded  different  and  apparently  more  convincing  results. 
Ogata  isolated  fine  bacilli,  which  liquify  gelatine,  stain  by  Gram's 
method,  and  set  up  in  guinea-pigs  and  cats  intestinal  ulcerations. 
A  similar  organism  was  later  obtained  in  Padua  by  Vivaldi,  since 
which  time  it  appears  not  to  have  been  found  again.  This  list 
covers  the  bacillery  species  isolated  in  cases  of  dysentery,  with  the 
exception  of  an  organism  obtained  by  Shiga,  who  also  studied  the 
disease  prevailing  in  Japan.  This  investigator's  studies,  which 
have  a  very  direct  value  t:pon  my  own,  are  deferred  for  the 
present. 

On  the  other  hand,  a  causative  role  in  the  production  of  dys- 
entery has  also  been  ascribed  to  the  pyogenic  cocci.  Besides  being 
found  in  association  with  bacilli  by  several  of  the  investigators 
already  mentioned,  they  have  been  regarded  as  the  chief  pathogenic 
agents  by  Zancarol,  whose  studies  were  carried  out  in  Alexandria, 
and  very  recently  by  Ascher,  who  investigated  cases  arising  in 
Eastern  and  Western  Prussia.  Similar  observations  were  made  by 
Silvestri  of  Turin,  and  by  Bertrand  and  Baucher  in  France.  These 
cocci,  specially  the  streptococci,  were  capable  in  certain  instances 
of  setting  up  in  cats  dysentery  and  liver  abscess.  An  especial 
variety  of  endemic  dysentery  occurring  in  Cochin  China  yielded 
Calmette,  the  B.  pyocyaneus.  The  same  micro-organism  was 
isolated  from  a  small  epidemic  of  the  disease  occurring  in  New 
York  State  by  Lartigau,  in  another  epidemic  in  children  prevailing 
in  Canada  by  Adami,  and  in  certain  sporadic  cases  of  enteric 
infection  by  Barker  in  Baltimore. 

Protozoa  have  also  been  brought  forward  as  the  cause  of  dys- 
entery. These  organisms  differ  from  the  bacteria  in  not  existing 
in  easily  demonstrable  forms  or  numbers  in  the  dejecta  in  health, 
and  the  number  of  species  occurring  under  all  conditions  is  small. 
Among  the  protozoa  the  amoebae  have  achieved  the  distinction  of 
being  connected  in  a  causal  relation  with  endemic  dysentery.  Since 
the  studies  of  Kartulis,  Councilman  and  Lafleur  and  Kruse  and 
Pasquale,  so  firmly  has  the  idea  of  this  connection  taken  hold  of 
the  popular  medical  mind  that  the  designation  "amoebic"  as  synon- 
ymous  with   "endemic"   or   "tropical"   dysentery  has   been  widely 
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adopted,  and  yet  the  evidence  upon  which  this  belief  is  placed 
cannot  be  regarded  as  convincing.  Until  we  shall  have  gained 
other  means  of  differentiating  amoebae  than  we  now  possess,  and, 
moreover,  until  we  are  able  to  control  their  developments  with  at 
least  as  great  perfection  as  in  the  case  of  bacteria,  the  question  of 
the  precise  part  played  by  them  in  dysentery  cannot  be  satisfactorily 
determined.  The  last  ten  years  have  seen  a  modification  of  the 
views  regarding  amoebae,  as  causes  of  pathological  conditions  in 
human   beings. 

That  these  organisms  exist  in  diseases  other  than  dysentery  was 
conclusively  proved  by  the  early  observations  (Cunningham,  Lewis) 
upon  choleraic  discharges.  Grassi  found  them  in  diseases  so  varied 
as  typhoid  fever,  cholera,  pellagra  and  colitis  secondary  to  tumours. 
He  also  found  them  in  the  dejecta  of  healthy  individuals,  a  fact 
further  established  by  the  researches  of  Calandrucci,  jMassiutin, 
Kruse  and  Pasquale,  Gasser  and  Schuberg. 

It  can,  therefore,  no  longer  be  held  that  amoebae  are  necessarily 
pathogenic  when  found  sojourning  in  the  intestine  of  man.  That 
these  organisms  when  combined  with  bacteria  may  cause  intestinal 
lesions  and  even  ulceration  is  now  established.  The  experiments 
of  Kartulis  and  Kruse  and  Pasquale  with  the  contents  of  hepatic 
abscesses  supposed  to  be  free  from  bacteria,  are  all  but  convincing 
in  so  far  as  they  are  supposed  to  prove  the  capacity  of  amoebae 
alone  to  set  up  such  changes.  Councilman  and  Lafleur  believed  that 
the  amoebae  alone  produced  the  intestinal  lesions.  Kartulis,  on  the 
other  hand,  sees  in  the  occasional  diphtheritis  evidence  of  the  action 
of  bacteria,  while  Kruse  and  Pasquale  have  followed  the  latter  in 
their  penetration  into  the  coats  of  the  gut,  where  they  lie  "cheek  by 
jowl,"  with  the  amoebae,  or  even  precede  them  in  the  invasion. 

We  may,  I  think,  sum  up  the  present  knowledge  of  the  cause 
of  dysentery  in  the  following  conclusions: 

1°  No  bacterial  species  yet  described  as  the  cause  of  dysenter)' 
has  an  especial  claim  to  be  regarded  as  the  chief  micro-organism 
concerned  with  the  disease. 

2°  It  is  improbable  that  any  bacterial  species  that  is  constantly 
and  nominally  present  in  the  intestine  or  in  the  environs  of  man, 
except  where  the  disease  prevails  in  an  endemic  form,  can  be 
regarded  as  a  probable  cause  of  epidemic  dysentery. 

3°  The  relations  of  sporadic  to  epidemic  dysentery  are  so  remote 
that  it  is  improbable  that  the  two  diseases  are  produced  by  the 
same  organic  cause. 
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4°  The  pathogenic  action  of  the  amoebae  coH  in  many  cases  of 
tropical  and  in  certain  examples  of  sporadic  dysentery  has  not  been 
disproved  by  the  discovery  of  amoebae  in  the  normal  intestine,  and 
in  diseases  other  than  dysentery.  While  amoebae  are  commonly 
present  and  are  concerned  in  the  production  of  the  lesions  of  sub- 
acute and  chronic  dysentery,  they  have  not  thvis  far  been  shown  to 
be  equally  connected  with  the  acute  dysenteries  even  in  the  tropics. 
In  the  former  varieties,  bacterial  association  probably  has  much  influ- 
ence upon  the  pathogenic  powers  of  the  amoebae. 

The  Dysentery  of  Japan  and  the  Philippine  Islands.  Every  year, 
especially  in  the  summer  and  autumn,  dysentery  prevails  in  Japan. 
The  epidemic  studied  by  Ogata  occurred  in  the  province  of  Oita. 
The  lesions  in  the  intestine  are  described  in  one  instance,  death 
having  occurred  on  the  nth  day  of  the  disease.  The  lower  seg- 
ment of  the  small  intestine  was  hyperaemic.  The  large  intestine 
was  greatly  swollen  so  that  the  lumen  was  almost  obliterated.  The 
mucous  membrane  was  hyperaemic,  and  presented  a  deep  blush- 
red  color.  The  mucous  membrane  of  the  transverse  and  descend- 
ing colon  showed  small  ulcers,  which  were  so  numerous  as  to  give 
to  the  membrane  a  sieve-like  appearance.  The  peculiar  bacilli 
described  by  him  were  obtained  from  these  cases. 

The  most  recent  bacteriological  study  of  Japanese  dysentery  has 
been  made  by  Shiga.  Out  of  a  considerable  number  of  cases  of 
the  disease  occurring  in  Tokyo  in  1897,  36  were  subjected  to 
bacteriological  examination. 

Shiga  recognized  that  in  endeavoring  to  show  that  an  organism 
which  is  suspected  of  standing  in  aetiological  relation  to  a  disease 
is  really  the  causative  agent,  four  points  have  to  be  proved;  first, 
the  organism  must  occur  constantly;  second,  it  must  be  a  species 
not  present  normally  in  the  diseased  parts ;  third,  it  must  be 
pathogenic,  and  produce  in  experimental  animals  lesions  similar  to 
those  from  which  it  was  obtained,  and  fourth,  it  should,  in  virtue 
of  its  pathogenic  activity  in  man,  show  the  Widal  agglutination 
reaction  with  the  blood-sera  of  those  who  have  suffered  from  the 
disease.  From  the  series  of  cases  examined,  there  was  obtained 
from  the  dejecta  and  intestinal  contents  and  walls,  and  from  the 
mesenteric  glands,  a  bacillus  which  fulfilled  all  these  requirements, 
and  which  was  regarded  as  the  cause  of  at  least  Japanese  dysentery. 

Before  describing  this  organism,  I  wish  to  direct  your  attention 
to  the  dysentery  prevailing  in  the  Philippine  Islands,  especially  in 
and  around  Manila.  The  report  of  the  Surgeon-General  of  the 
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Army  of  1899  contains  a  tabulation  of  diseases,  observed  among 
the  American  troops  during  the  first  four  months  of  the  American 
occupation  of  ^Manila.  In  it  the  dysenteries  are  included  with  the 
diarrhoeal  diseases.  The  total  number  of  cases  reported  was  445, 
the  death-rate  being  0.48  per  cent.  The  comment  made  is  "that 
the  malarial  diseases  exceed  their  prevalence  in  the  United  States 
in  the  proportion  of  370  to  96  and  the  diarrhoeal  diseases  in  the 
proportion  of  445  to  116,  or  about  four  to  one  in  both  instances." 
This  compilation  fails  to  give  an  adequate  idea  of  the  extent,  severity 
and  mortality  of  dysenter}'  in  Alanila.  Although  the  figures  were 
not  obtainable,  a  conviction  gained  during  nearly  three  months 
residence  in  Manila  is  that  the  enteric  diseases,  of  which  dysentery 
was  the  most  frequent  and  important,  are  the  chief  causes  of  dis- 
ability and  mortality  among  the  land  forces  of  the  American  army.* 

The  disease  occurs  in  two  main  forms :  acute  and  chronic.  The 
stools  and  intestinal  contents  were  scrutinized  for  amoebae.  These 
organisms  were  absent  or  very  difficult  to  find  in  the  acute  cases. 
In  the  chronic  forms  of  the  disease,  in  which  ulcers  were  present, 
they  were  commonly  found,  but  were  variable  as  to  actual  occur- 
rence and  number.  Large  hepatic  abscesses,  usually  single,  were 
encountered  in  a  number  of  these  cases. 

The  m-orbid  anatomy  of  the  chronic  disease  agrees  in  part  only 
with  that  of  the  so-called  amoebic  dysentery.  The  pathological 
changes  in  the  acute  disease  differ  widely  from  those  of  the  chronic 
cases.  I  shall  give  an  illustrative  example :  American  soldier ; 
death  on  the  6th  day  of  the  disease.  The  entire  large  intestine  from 
the  caecum  to  the  rectum  is  dilated  and  the  walls  of  the  gut  are 
thickened.  The  mucous  membrane  is  swollen,  its  consistence  much 
increased,  and  the  normal  folds  are  thrown  into  elevated,  coarse 
corrugations.  The  general  color  of  the  mucous  membrane  is  deep 
red,  but  there  are  present  many  brighter  spots  evidently  due  to 
hemorrhage.  A  false  membrane  consisting  of  scattered  white 
elevations  occurs  upon  the  surface.  Distinct  ulceration  cannot  be 
made  out  with  the  naked  eye. 

The  microscopical  changes  are  equally  diverse.  The  mucous 
membrane,  in  places,  is  the  seat  of  a  coagulative  necrosis,  in  which 
very  few  glandular  elements  remain.  A  false  membrane,  consisting 
of  fibrin,  polymorphornuclear  leucocytes  and  red  blood  corpuscles, 

*  The  studies  here  reported  were  made  b}'  a  commission,  consisting  of  Dr. 
L.  F.  Barker  and  myself,  sent  to  Manila  by  the  Johns  Hopkins  University,  to 
study  the  diseases  prevalent  in  the  islands. 
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covers  this  surface.  The  submucosa  is  also  greatly  altered.  It 
is  swollen,  contains  numerous  hemorrhages,  fibrin  occurs  in  foci, 
and  a  considerable  cellular  infiltration  has  taken  place.  These  last 
cells  are  chiefly  of  the  nature  of  plasma  cells  (Unna).  Hem- 
orrhages have  also  occurred  in  the  muscular  tunic.  Similar  changes 
in  the  submucosa  exists  independently  of  the  alterations  in  the 
mucous  membrane.  Exfoliation  of  the  necrotic  tissue  gives  rise 
to  ulcerations — these  were  small  and  limited  to  the  mucosa. 

Bacilli  and  cocei  are  numerous  in  the  false  membrane ;  they  were 
not  demonstrated  in  the  submucosa. 

Bacteriology  of  Philippine  Dysentery.  In  the  study  of  the  bac- 
terial flora  of  the  disease,  acute  and  chronic  cases  were  utilized. 
Plate  cultures  in  agar-agar  were  em.ployed.  The  material  for  the 
cultures  was  obtained  from  the  dejecta  and  from  the  intestinal 
contents  after  death.  From  the  separate  colonies  slant  cultures  were 
made.  The  growths  consisting  of  the  pyogenic  cocci,  which  were 
never  absent,  were  not  studied  further.  Portions  taken  from  the 
several  bacillary  colonies  were  tested  upon  various  culture  media 
with  the  result  that  two  distinct  types  of  organisms  could  be  dis- 
tinguished, especially  in  the  acute  cases.  Their  properties  are  as 
follows : 

Type  I.  Bacillus  of  average  size;  variable  in  length.  Usually 
occurs  singly,  sometimes  in  pairs,  but  only  very  rarely  in  filaments. 
The  ends  are  slightly  rounded.  Moderate  motility.  Gram's  stain 
negative.     Morphology:   colon — typhoid  type. 

Growth  took  place  upon  all  culture  media  at  the  room  tempera- 
ture, but  better  in  the  thermostat.     Gelatine  was  not  liquefied. 

The  colony  forms  resemble  those  of  B.  typhosus ;  after  many 
successive  transplantations  upon  artificial  culture  media  colonies  and 
surface  growths  became  more  opaque  and  abundant. 

Potato.  Growth  takes  place  along  the  line  of  inoculation  and 
spreads  beyond.  After  some  days  it  is  a  little  elevated  and  of  a 
pale  brown  color.  On  unfavorable  potatoes,  the  growth  is  slight, 
moist  and  membranous,  resembling  that  of  B.  typhosus  when 
typical,  excepting  for  the  greater  amount  of  moisture. 

Sugar-agar  is  not  fermented;  in  glucose  media  a  moderate  acid 
production  takes  place. 

Litmus-milk.  At  first  a  very  faint  lilac  reaction  appears.  It  is 
discernible  after  24  hours,  but  more  marked  at  the  end  of  48  or 
72  hours.  After  a  lapse  of  6  to  8  days  alkali  begins  to  be  produced, 
which  increases  in  amount  until  the  litmus  is  rendered  deep  blue 
in  color.     No  coagulation  of  the  milk  ensues. 
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Indol.  This  body  is  variable  in  its  formation.  Even  in  sugar- 
free  bouillon,  it  may  fail  to  appear  or  be  produced  in  small  quantities 
only. 

Suitable  cultures  of  this  organism,  when  tested  for  the  agglutina- 
tion test  with  the  blood  serum  of  persons  suffering  from  dysentery, 
whether  the  host  or  another  individual,  gave  in  many  cases  a  positive 
reaction. 

Type  II.  Present  in  all  instances.  In  the  acute  cases  it  may  not 
predominate,  being  less  numerous  than  the  members  of  type  I.  In 
all  others,  it  is  the  predominating  bacterium.  Its  properties  are 
variable  but  agree  with  those  of  the  group  of  B.  colis  communis. 
The  main  variations  relate  to  the  extent  and  rapidity  of  growth 
upon  the  several  culture  media  as  exhibited  by  the  color,  thickness, 
etc.,  of  the  colonies.  The  sugars  are  broken  up  with  the  forma- 
tion of  gas.  Litmus-milk  is  reddened  promptly,  but  coagulation 
sets  in  at  variable  intervals — sometimes  after  24  hours,  at  other 
times  not  for  several  days  or  weeks.  Indol  is  produced  but  cannot 
be  demonstrated  in  all  cases  within  twenty-four  hours.  In  mor- 
phology the  bacillus  resembles  B.  coli  communis ;  some  examples 
are  motile  at  the  end  of  twenty-four  hours,  in  other  motility  could 
not  be  demonstrated. 

In  agglutination  tests  the  results  varied  according  as  the  blood 
of  the  host  or  another  individual  was  employed.  With  the  host 
there  was  frequently  a  reaction  in  low  dilutions ;  with  another  person 
the  reaction  was  rarely  and  very  inconstantly  obtained. 

Before  proceeding  to  the  assumption  that  this  organism  was  con- 
cerned with  the  production  of  the  intestinal  lesions  of  dysentery 
occurring  in  Manila,  its  absence  from  the  stools  of  healthy  persons 
and  those  suffering  from  other  diseases  must  be  established.  Strong 
presumptive  evidence  of  its  being  an  unusual  inhabitant  of  the 
intestine  of  man  may  be  gathered  from  the  facts  already  known 
concerning  the  ordinary  intestinal  flora.  But  as  such  observations 
would  not  suffice  for  a  new  region  and  under  new  conditions,  the 
organism  was  searched  for  in  other  persons  who  had  been  in  close 
association  with  those  suffering  from  dysentery  and  also  in  inhabi- 
tants of  other  parts  of  the  Island  of  Luzon.  The  organism  was 
not  demonstrated  in  healthy  dejecta  or  in  the  evacuations  of  persons 
(native  Filipinos)  suffering  from  beri-beri.  A  further  argument 
in  favor  of  its  restricted  distribution  is  furnished  by  its  absence 
from  cases  of  chronic  dysentery  or  its  marked  reduction  in  numbers. 

Pathogenicity.     The  pathogenicity  of  the  bacillus  type   I.   was 
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studied,  soon  after  its  isolation,  upon  mice  and  monkeys  in  Manila 
and  upon  various  animals  in  this  country  with  cultures  brought 
back  from  the  Philippines. 

Mice  are  susceptible  to  subcutaneous  injections,  but  react  more 
readily  to  intraperitoneal  inoculations.  According  to  the  dose,  death 
takes  place  in  from  12  to  48  hours — more  rarely  after  several  days. 
The  site  of  the  puncture  shows  oedema,  and  when  inoculation  is 
made  into  the  peritoneum,  a  slight  turbid  exudate  is  present. 
Bacilli  are  present  in  very  large  numbers  in  both  situations  and 
there  is  a  general  invasion. 

Guinea-pigs  react  much  in  the  same  way  as  mice.  The  dose 
required  is  slightly  larger,  but  successive  inoculations  quickly 
increase  the  pathogenicity.  At  first  the  organisms  remain  confined 
to  the  site  of  injection,  but  when  the  virulence  has  become  inten- 
sified the  body  is  invaded.  Intraperitoneal  injections  cause  a  sero- 
purulent  peritonitis,  many  bacilli  being  contained  within  polymor- 
phonuclear cells.  The  intestines  are  hyperaemic;  the  contents  are 
watery,  and  the  bacilli  can  be  cultivated  from  the  fluid  portions. 

Rabbits.  Subcutaneous  injection  gives  rise  to  a  localized  swell- 
ing which  is  sometimes  followed  by  death.  At  other  times  an 
abscess  forms  and  perforates  the  skin,  after  which  recovery  may 
take  place. 

Cats  and  dogs  are  also  susceptible  to  feeding  with  cultures,  the 
first  after  the  administration  of  croton  oil,  the  second  directly.  In 
both  enteritis  is  set  up,  an  increased  secretion  of  mucus  takes  place, 
hemorrhages  may  occur,  and  the  bacilli  are  cultivatable  from  the 
dejections  and  intestinal  contents.     Ulceration  does  not  take  place. 

Tests  made  with  dead  cultures  upon  guinea-pigs  show  them  to 
be  highly  toxic. 

If  the  bacillus  described  is  of  significance  in  the  aetiology  of 
dysentery,  it  must  occur  with  regularity  in  the  disease.  Whether 
or  not  it  will  be  found  to  have  the  distribution  that  is  necessary 
in  order  to  establish  this  relationship  can  only  be  determined  when 
the  study  is  carried  on  in  widely  different  places  and  in  all  forms 
of  the  disease.  That  the  bacillus  is  identical  with  the  organism 
obtained  by  Shiga  in  the  epidemic  dysentery  which  prevails  in  Japan, 
there  can  be  no  reasonable  doubt. 

I  have  recently  been  enabled  to  study  bacteriologically  and 
pathologically  a  case  of  chronic  Porto  Rican  dysentery  contracted 
during  the  Spanish  war.  The  autopsy  showed  the  colon  to  be 
greatly  thickened  especially  along  the  sigmoid  flexure.     The  mucous 
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membrane  presented  a  roughened  surface  without  showing  pro- 
nounced ulceration.  The  submucosa  was  also  thickened,  and  there 
was  considerable  contraction.  A  very  small  amount  of  pseudo- 
membrane  was  present  over  the  lower  part  of  the  sigmoid  flexure. 
Bacteriological  examination  yielded  two  types  of  bacilli,  the  pre- 
vailing one  agreeing  with  the  type  of  the  B.  coli  communis,  the 
other  with  bacillus  type  I.  already  described. 

The  bacteriological  studies  of  Egyptian  Dysentery  published  by 
Kruse  and  Pasquale  contain  numerous  references  to  typhoid-like 
bacteria.  Critical  examination  shows  the  majority  belong  to  the 
group  B.  coli  communis.  Still  other  examples  of  bacilli  similar 
to  and  possibly  identical  with  the  B.  dysenteriae  have  been  found 
in  dysentery,  although  they  are  not  suspected  of  standing  in  any 
aetiological  relation  to  it.  Pansini  studied  four  cases  of  abscess  of 
the  liver,  three  of  which  had  followed  dysentery.  The  bacilli  which 
were  isolated  resembled  B.  typhosus, — indeed,  Pansini  could  not 
distinguish  between  the  two  series.  Babes  also,  although  only 
in  a  single  instance,  isolated  such  an  organism  from  a  case  of 
dysentery. 

The  question  naturally  arises:  in  what  way  does  this  bacillus 
differ  from  the  B.  typhosus?  When  the  properties  of  Shiga's 
bacillus  and  that  of  the  Eberth-Gafifkey  organism  are  compared,  the 
criteria  of  difference  are  not  numerous.  The  main  features,  how- 
ever, are  as  follows :  The  former  shows  less  marked  motility  when 
isolated  and  a  tendency  rapidly  to  lose  motility  in  artificial  cultiva- 
tions; it  displays  a  more  uniform  generation  of  indol;  after  a 
brief  preliminary  acid  production  in  milk,  there  follows  a  gradually 
increasing  alkalinization ;  it  is  inactive  to  blood  serum  from  typhoid 
cases,  but  reacts  with  serum  from  dysenteric  cases  to  which  the  B. 
typhosus  does  not  respond. 

The  Agglutination  Test.  The  tests  in  the  case  of  the  bacillus 
isolated  in  Manila  were  made  at  the  time  with  blood  obtained  from 
acute  and  chronic  cases  of  dysentery;  and  after  the  return  to  this 
country  with  the  blood  serum  from  the  case  of  the  chronic  Porto 
Rican  disease,  as  well  as  with  blood  obtained  through  the  courtesy 
of  Assistant  Surgeon  Craig,  stationed  at  the  Presidio  at  San  Fran- 
cisco, the  last  having  been  taken  from  convalescents,  and  other 
soldiers  suffering  from  chronic  dysentery  who  had  returned  from 
the  Philippines.  The  results  were  positive  in  the  cases  of  acute 
disease  in  which  infection  with  tlie  bacilli  was  established.  It  was 
also  positive  with  the  blood  of  the  Porto  Rican  case  of  chronic 
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dysentery,  but  was  inconstant  with  blood  from  other  chronic  cases. 
Dr.  Osier  has  told  me  of  his  experience.  In  several  cases  of 
amoebic  dysentery  that  have  come  to  his  attention  in  the  Johns 
Hopkins  Hospital,  the  blood  serum  has  not  caused  agglutination  of 
the  dysenteric  bacilli.  On  the  other  hand,  in  case  of  the  Porto 
Rican  disease  a  positive  reaction  was  obtained. 

These  results  are,  I  think,  suggestive  of  the  nature  of  tropical 
dysentery.  The  typical  acute  and  infectious  variety  is  probably 
bacilliary  in  origin;  and  the  indications  are  that  the  particular 
bacillus  which  has  been  described  by  Shiga  and  myself  is  the  cause 
of  this  variety  of  the  disease.  On  the  other  hand,  the  chronic  form 
of  the  disease  would  appear  to  be  dependent  upon  at  least  two  sets 
of  causes,  i°  representing  the  continuation  of  the  acute  disease, 
and  probably  due  to  the  same  micro-organism ;  2°  due  to  an 
entirely  different  organism,  apparently  the  amoeba  coli.  The  first 
variety  of  the  chronic  disease  only,  gives  the  serum-reaction  with 
the  B.  dysenteriae. 

Protective  Inoculative  and  Serum  Therapy.  It  is  not  unreason- 
able to  hope  that  v.-ith  the  discovery  of  the  specific  cause  of  dysentery, 
particularly  if  it  be  a  bacterium  capable  of  being  artificially  culti- 
vated, means  will  be  found  by  which  protective  inoculation  may  be 
carried  out  with  effect  and  safety.  The  fundamental  conditions 
underlying  such  immunizations  are  now  fairly  established,  and  two 
general  methods  of  accomplishing  such  results  are  open  to  investi- 
gation. In  the  first  place,  an  active  immunity  may  be  achieved 
through  the  use  of  cultures  of  a  determined  grade  of  activity;  in 
the  second,  the  serum  of  animals  may  be  employed  either  as  a 
therapeutic  agent  or  to  provide  a  passive  immunity. 

It  has  been  found  possible,  through  the  use  of  cultures  destroyed 
by  heat  or  the  addition  of  chemicals,  to  protect  small  animals  from 
the  effects  of  subsequent  inoculations  of  the  virulent  bacilli. 
Larger  animals,  such  as  the  goat,  when  treated  first  with  the  dead 
and  afterwards  with  the  living  cultures,  develop  a  gradually  increas- 
ing resistance  to  the  inoculations ;  their  blood  serum  assumes  highly 
agglutinating  qualities  for  the  bacillus,  and  coincidentally  acquires 
protective  and  healing  properties.  My  own  experiments  relating 
to  this  topic  have  been  carried  out  on  small  animals  only,  as  no 
patient  with  acute  dysentery  has  been  seen  by  me  since  the  serum 
from  the  goats  has  been  available.  Shiga  has,  however,  been  able 
to  test  the  serum  upon  human  cases. 

According  to  Dr.  Eldridge  up  to  November  i,  1899,  Shiga  had 
treated  with  serum  cases  as  follows:   1898,  in  Laboratory  Hospital, 
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65  cases,  death  rate  9  per  cent. ;  1899,  in  Laboratory  Hospital, 
91  cases,  death  rate  8  per  cent.;  1899,  in  Hirowo  Hospital,  no 
cases,  death  rate  12  per  cent.  During  the  same  period  of  1899, 
there  were  under  ordinary  treatment  at  Tokyo :  at  Hon  jo  Hospital, 
166  cases,  death  rate  37.9  per  cent. ;  at  Hirowo  Hospital,  53  cases, 
death  rate  37.7  per  cent. ;  at  Komagome  Hospital,  398  cases,  death 
rate  34.7  per  cent.;  in  private  houses,  1,119  cases,  death  rate 
28.5  per  cent. 

I  should,  however,  expect  greater  benefit  from  a  species  of 
vaccination — especially  in  those  exposed  to  the  endemic  or  the 
endemo-epidemic  dysentery  of  the  tropics.  The  encouraging 
results  of  the  injections  of  the  dead  bacilli  of  Asiatic  cholera  makes 
the  use  of  a  similar  procedure  in  persons  exposed  to  dysentery 
advisable.  The  practical  details  of  such  inoculations  will  of  course 
be  established  only  after  trials  preferably  upon  human  beings  who 
are  anxious  to  submit  to  this  method  of  treatment. 

Very  little  remains  for  me  to  say  at  the  present  time.  It  is  only 
natural  to  ask  whether  the  results  given  in  the  last  half  of  the 
paper  justify  a  belief  in  a  specific  organism  of  dysentery.  My 
own  sense  is  against  that  belief,  although  it  must  be  conceded  that 
the  varieties  of  the  disease  are  fewer  than  the  clinical  and  patho- 
logical-anatomical conceptions  of  this  time  would  lead  one  to 
suppose.  I  am  disposed  at  this  time  to  view  tropical  dysentery  as 
consisting  of  a  bacillary  and  amoebic  form  separable  in  their  early 
and  later  stages,  by  their  clinical  histories,  their  aetiology  and 
pathological  anatomy.  Whether  epidemic  dysentery  may  have  a 
simpler  aetiology  future  studies  will  be  necessary  to  decide.  The 
view  expressed  by  Shiga  to  the  effect  that  the  bacillus  isolated  by 
him  is  the  cause  of  the  epidemic  disease  occurring  in  Japan,  may 
be  followed  by  its  establishment  as  the  prime  agent  in  other  epi- 
demics. My  own  studies  lend  support  to  the  wide  distribution  and 
pathogenic  activities  of  the  bacillus  as  well  as  to  its  relation  with  a 
certain  class  of  dysenteries. 

Discussion. 

Dr.  Park,  of  New  York: — Dr.  Flexner  spoke  of  the  bacillus  of 
dysentery  as  being  very  much  like  that  of  typhoid  fever.  He  did 
not  say  how  it  was  unlike  it.  I  would  like  to  ask  whether  it  is 
reactive  to  the  serum  of  typhoid? 

Dr.  Flexner: — It  does  not.  If  it  gave  the  serum  reaction,  I 
would    say    it    must    be    the    bacillus-typhosus.     The    bacillus    of 
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dysentery,  if  you  will  permit  me  to  call  it  such,  is  differentiated 
from  the  typhoid  bacillus,  in  the  first  place,  in  not  reacting  to  the 
serum  of  typhoid  individuals,  or  of  the  serum  of  animals  immunized 
by  typhoid  bacillus.  On  the  other  hand,  typhoid  bacillus  does  not 
react  to  the  serum  of  human  beings  suffering  from  dysentery  or 
the  serum  of  animals  immunized  from  this ;  and  the  second  differ- 
ential point  is  motility,  acid  production  and  reaction  on  the  stomach. 
This  organism  in  the  first  forty-eight  hours  acts  like  the  typhoid 
bacillus,  but  from  that  point  on  it  is  alkaline  and  eventually  turns 
milk-blue,  and,  furthermore,  could  be  further  distinguished  by  that 
characteristic.  The  differential  points  are  not  very  great.  That 
is  the  reason  I  stated  on  superficial  examination  that  one  would 
have  confounded  the  organism  as  the  bacillus  of  typhoid  fever.  If 
you  study  the  literature,  it  is  plain  that  the  organism  has  been 
described  by  three  or  four  individuals  who  have  obtained  what  they 
call  an  acid  typhoid  bacillus  in  cases  of  dysentery.  There  can  be  no 
doubt  that  they  really  did  obtain  this  micro-organism,  but  they  did 
not  know  how  to  differentiate  it  from  the  bacillus  typhosus. 
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BY  CLARENCE  JOHN  BLAKE,   M.D., 

of  Boston,  Mass. 

« 

In  preparing  this  address  I  have  Hked  to  think  of  it  as  a  possible 
preface  to  chapters  which  other  men,  who  love  their  work  and  to 
whom  it  is  a  profession  of  faith  in  a  purpose  of  usefulness,  and 
who  are  wiser  and  more  apt  than  I,  might  write;  for  the  relations 
of  the  physician  to  the  social  problems  of  his  day  and  generation, 
while  individual  in  their  character  and  single  in  their  purpose,  are 
capable  of  manifold  expression. 

The  term  "'sociology,''  first  used  by  Auguste  Comte*  less  than 
sixty  years  ago,  may  be  briefly  and  broadly  defined  as  "the  science 
of  the  laws  of  human  relationship,"  and,  as  often  happens  in  the 
presence  of  cognate  intellectual  processes  working  toward  the  same 
end,  the  suggestion  of  a  concise  definitive  appellation  furnishes  a 
rallying  point  to  which  the  various  workers  converge  and  from  which 
they  go  out,  strengthened  by  a  sense  of  companionship  and  encour- 
aged to  more  extended  efifort  by  a  better  comparative  knowledge. 

The  title,  sociology,  therefore,  beginning  with  an  application  in 
terms  of  positive  philosophy,  has  come,  in  the  short  period  of  half 
a  century,  to  include  not  only  theories  as  to  the  organization  of 
society,  but  practical  considerations  of  the  value,  the  application, 
the  use,  the  control,  and  finally  the  prevention  of  certain  social 
conditions. 

The  range  of  sociology,  in  its  modern  form,  may  be  said  to  extend 
from  investigation  of  the  power  vakie  of  psychic  phenomena  in 
the  unit,  to  consideration  of  physical  economics  in  the  mass. 

The  original  ideas  of  society  as  the  product  of  extrinsic  causes 
or  of  society  as  a  force  aggregation  upon  a  materialistic  basis,  have 
gradually  given  place  to  a  recognition  of  the  continuity  of  the 
ethical  idea  in  an  aggregation  of  human  units,  the  majority  of  whom 
are  relieved,  in  whole  or  in  part,  from  the  demands  incident  to  a 
primitive  struggle  for  existence. 

'  Cours  de  Philosophie  Positiv,  1842. 
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It  is  precisely  at  this  point  in  the  development  of  sociology  that 
a  member  of  the  body  politic,  who  has  long  existed  and  who  has 
indeed  for  several  centuries  had  a  definite  sociological  status, 
becomes  an  increasingly  cooperative  factor. 

The  science  of  society  which  has  come,  in  the  growth  of  its 
responsibility  to  the  human  mass,  to  find  the  need  of  a  more  accurate 
study  of  the  entity  of  the  human  unit,  turns  to  the  doctor  of  medi- 
cine for  advice  and  counsel. 

To  the  members  of  the  medical  profession,  whose  devotion, 
primarily,  to  the  needs  of  the  unit,  leads  them  to  concentrate  their 
energies  upon  a  succession  of  individuals,  and  who,  consequently, 
find  themselves  isolated,  more  or  less,  from  the  social  community 
and  placed  apart  as  specialized  workers,  the  newer  and  broader 
sociology  brings,  not  only  the  stimulus  of  association  and  sympathy, 
but  larger  opportunities  for  the  exercise  of  their  usefulness. 

As  a  natural  result  of  this  approximation,  appreciation  grows, 
barriers  of  prejudice  are  broken  down,  the  conventionalities  of  self 
in  which  pessimism  is  nurtured  disappear,  and  men  of  different 
v.'alks  of  life  come  to  understand  each  other  better,  in  the  light  of 
a  common  purpose  to  helpful  ends. 

The  sociological  status  of  the  physician,  therefore,  at  the  present 
time,  may  be  said  to  be  his  standing  in  regard  to  an  extensive 
movement  in  behalf  of  the  study  of  human  relationships  with  a 
view  to  a  truer  comprehension  of  their  normal  bases  and  to  the 
betterment  of  their  existing  conditions. 

Before  proceeding  to  a  consideration  of  the  efifectiveness  of  the 
doctor  of  medicine  as  a  part  of  the  social  organization  exhibited 
through  the  medium  of  the  institutions  with  which  he  is  particularly 
related,  and  of  the  other  duties  of  which  he  is  capable  and  which 
lie  before  him,  it  will  be  well  to  consider  briefly  the  character  of  his 
professional  training  and  its  reactionary  effect  upon  himself  as  a 
man  and  citizen. 

Of  all  special  educations  that  of  the  science  and  practice  of  medi- 
cine, when  it  is  of  the  best  quality,  is  the  most  exacting  and  makes 
the  largest  demand  upon  the  staying  power  of  the  student;  it  is 
longer  in  duration,  more  confining,  and  requires  more  intense  appli- 
cation than  the  corresponding  courses  which  lead  to  a  degree  either 
in  law  or  divinity,  and  affords  a  larger  suggestive  opportunity  for 
collateral  scientific  reading. 

It  implies,  in  its  beginning,  the  combating  of  natural  repugnances, 
and,  in  its  continuance,  a  ceaseless  struggle  against  the  mentally 
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depressing  influence  of  daily  contact  with  disease  and  dissolution, 
it  challenges  lofty  sentiments  and  lays  bare  the  framework  of  cher- 
ished emotions ;  on  the  other  hand,  it  demonstrates  truth  and  gives 
the  foundation  for  a  faith  which,  though  usually  silent  and  often 
circumscribed,  nourishes  the  optimism  necessary  to  this  vocation, 
and  helps  the  doctor  to  regard  the  affairs  of  life  in  the  light  of  their 
importance,  not  to  himself,  but  to  the  individual  whom  for  the  time 
being  they  most  concern. 

That  the  "outward  profession  of  faith"  is  not  usual  in  the  medi- 
cal profession  is  due  not  to  the  lack  of  this  quality,  but  rather  to 
the  reluctance  to  make  public  expression  on  the  part  of  men  whose 
life  is,  in  its  practical  exhibition,  largely  confidential,  and  who,  more- 
over, have  especial  opportunity  to  give  utterance  to  the  spirit  within 
them  in  human  contact  work. 

To  the  claim  that  medical  education  furnishes  the  material  for  a 
deep  and  lasting  faith  in  a  creating  and  sustaining  power  may  be 
added  the  claim  that  it  tends  to  beget  that  sense  of  reverence  of 
which  Benjamin  Kidd  says,  "that  it  is  a  preponderating  element  in 
the  type  of  character  which  the  evolutionary  forces  at  work  in  human 
society  are  slowly  developing,  and  with  which  are  tending  to  be 
closely  allied  the  qualities  of  great  mental  energy,  revolutionary 
enterprise,  powers  of  prolonged  and  concentrated  application  and 
a  sense  of  simple-minded  and  single-minded  devotion  to  concep- 
tions of  duty." 

That  attributes  such  as  these  may  be  nurtured  in  the  stern  curricu- 
lum of  a  medical  education  and  fostered  under  the  exacting  con- 
ditions of  a  career  which  is  both  a  practical  application  and  the 
continuance  of  that  education,  we  know ;  but  it  is  also  well  for  us  to 
know,  daily,  that  the  possession  of  a  most  intimate  knowledge  of 
human  life  and  its  relationships  implies  an  enormous  moral  respon- 
sibility. 

In  addition  to  the  justly  economic  purpose  of  following  a  reput- 
able vocation  likely  to  ensure  a  livelihood,  the  principal  incentive  to 
the  study  of  medicine  is  a  purpose  of  usefulness,  or  a  basal  sense 
of  a  desire  to  express  in  some  way  the  appreciation  of  an  obligation, 
a  purpose  which  is  the  underlying  motive  of  all  sociological  effort. 

Coupled  with  this  is  the  desire  for  a  more  intimate  knowledge  of 
the  purpose  of  living  as  expressed  in  terms  of  accomplishment. 

In  addition  to  these  motives  there  is  that  which  comes  from  the 
possession  of  a  truly  scientific  spirit  seeking  the  acquisition  of  knowl- 
edge and  the  establishment  to  mental  vision  of  a  utilizable  truth, 
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with  a  view,  not  to  any  individual  aggrandizement,  but  to  the  end  of 
making  this  a  stepping  stone  to  further  progress ;  this  sequence  of 
stimulation  usually  carrying  with  it  the  sentiment  that  the  work  done 
is  a  contribution  to  the  general  welfare. 

In  the  very  beginning  of  his  studies  the  medical  student  is  brought 
into  investigatory  relationship  with  that  which  he  has  heretofore 
thought  of  as  an  entity,  a  being,  a  mysten/,  and  which,  now  put  into 
his  hands  for  demolition,  he  finds  to  be  a  most  wonderful  and 
delicately  constructed  machine,  in  the  study  of  which  he  may  be 
said  to  pass  through  much  the  same  process  of  mental  evolution  as 
that  attributed  by  Professor  Giddings  to  primitive  man.^ 

He  is  lost  in  marvel  at  the  compact  arrangement  of  muscular 
tissues,  regards,  as  might  the  explorer  of  a  buried  city,  the  system 
of  canals  which  carry  quickening  fluid  to  the  outermost  circum- 
vallation  and  of  drains  into  which  are  cast  waste  matters  to  be 
discharged  without  the  walls ;  while  the  glistening  white  lines  of 
nerves  sending  their  branches  in  a  network  between  muscles  and 
under  and  over  canals  and  drains,  reveal  to  him  the  suggestion  of 
a  system  for  the  communication  of  intelligence  and  the  issuance  of 
governing  mandates  to  which  the  combined  telegraphic  and  tele- 
phonic services  of  the  greatest  city  built  by  human  hands  have  no 
comparison  in  relative  extent  or  in  perfection. 

There  is  probably  no  point  in  his  career  of  so  much  initial  portent 
as  that  in  which  the  student,  in  the  dissecting-room,  for  the  first 
time  lifts  the  wet  sheet  from  a  face  that  he  has  never  known,  but 
behind  which  there  dwelt  and  through  which  there  have  been 
expressed,  all  that  emotion  and  desire  can  crowd  into  the  compass  of 
a  human  life;  it  is  a  period  in  which  he  either  consecrates  himself 
or  turns  back;  if  he  be  honest  he  does  one  or  the  other;  if  he  be  a 
pretender  he  may,  it  is  true,  continue  and  complete  his  medical 
school  course  and  go  out  into  the  broader  school  of  work,  but  with- 
out the  consecration  he  will  inevitably  fail  of  his  highest  possibilities 
as  a  physician. 

The  impress  which  is  made  by  the  study  of  anatomy  upon  the 
truly  thoughtful  man  cannot  but  be  emphasized  in  the  physiological 
laboratory,  where  the  student  learns  the  values  and  uses  of  the 
different  parts  of  the  human  machine  and  finds  the  answers  to  the 
questions  which  the  previous  study  of  the  structure  of  the  silent 
body  have  evoked. 

^F.  H.  Giddings,  The  Principles  of  Sociology,  Anthropogenic  Association, 
p.  246. 
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Here  and  in  the  associated  laboratories,  he  learns  the  chemical 
processes  of  the  body  in  health  and  disease,  the  supplementary  rela- 
tionship of  the  different  organs,  the  provision  for  their  maintenance 
and  repair,  and  comes  to  recognize  and  to  know  the  functions  of 
the  microscopic  organisms  with  which  the  body  teems. 

Carrying  with  him  the  lessons  born  of  research,  he  next  passes  into 
the  wider  school  of  clinical  teaching,  and  learns  at  the  bedside  that 
he  has  to  study  something  more  than  the  disease,  and  that  to  render 
the  fullest  meed  of  service  as  a  physician  he  must  come  to  know, 
patiently,  tenderly  and,  in  the  broadest  sense,  sympathetically,  his 
brother  man. 

Here,  too,  he  learns  that  his  own  feelings  and  emotions  must 
be  subordinated  to  the  one  purpose  of  his  greatest  help  efficiency ; 
that  here,  as  in  all  scientific  work,  his  personal  equation  must  be 
reduced  to  a  minimum  and  that  he  must  lose  himself  in  the  effort 
to  think  wisely  and  judge  well  for  others. 

In  former  times,  not  very  many  years  ago,  the  bedside  teaching 
was  provided  under  a  system  corresponding  to  that  of  apprentice- 
ship in  trade,  and  the  student  gained  his  clinical  experience  through 
association  with  some  active  general  practitioner;  but  to-day,  with 
the  aggregation  of  population  in  cities  and  the  consequent  establish- 
ment of  hospitals,  these  institutions  are  made  to  furnish  the  clinical 
material  necessary  for  instruction,  thus  fulfilling  one  of  their 
important  obligations  to  the  community  which  supports  them;  for 
while  the  first  purpose  of  the  hospital  is  to  provide  for  the  care 
of  the  sick,  no  such  institution  does  the  just  measure  of  its  work 
unless  its  benefits  extend  beyond  its  walls  through  the  education 
of  those  whose  lives  are  to  be  pledged  not  only  to  a  warfare  against 
disease,  but  to  an  eft'ort  toward  its  prevention. 

From  an  economic  standpoint  the  hospital  may  be  defined  as  an 
institution  in  which  capital  and  skilled  labor  combine  to  provide 
such  members  of  the  community  as  are  temporarily  disabled  and 
without  means  of  support,  with  the  maintenance  and  care  which 
shall  fit  them  to  become  again  self-supporting  and  active  community 
factors. 

It  is  a  free  repair  shop  for  human  machines,  and  the  capitalist 
who  contributes  to  its  support  does  so  with  the  basal,  though  per- 
haps not  with  the  defined  understanding,  that  his  contribution  is 
returned  to  him,  through  the  community,  in  the  lesser  number  of 
incapacitated  and  dependent  machines,  while  the  physician  who 
furnishes  the  skilled  labor  contribution  finds  his  return  not  only 
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in  the  same  manner  as  the  capitalist,  but  in  the  opportunity  which 
is  given  him  of  fulfilHng  his  duty  to  humanity  with  less  expenditure 
than  if  he  did  it  at  his  own  charge,  and  with  better  effect,  under 
conditions  which  enure  greatly  to  his  own  well  being  and  usefulness. 

The  hospital  of  to-day  is  something  very  much  more  than  a 
mere  repair  shop;  it  is  a  school  full  of  object  lessons  in  the  applica- 
tion of  those  qualities  which  are  the  uprights,  the  girders,  and  the 
binding-rods,  of  the  modern  social  structure.  In  the  first  place,  it 
is  the  most  absolutely  clean  of  all  human  habitations,  and  the 
present  splendid  successes  of  surgery  in  the  amelioration  of  suffer- 
ing and  the  preservation  of  life  are  due,  not  only  to  the  application 
of  trained  skill  and  intelligence,  but  to  its  operations  under  con- 
ditions of  absolute  sterilzation  which  are  microscopic  in  their 
minutia. 

Not  only  is  the  hospital  a  lesson  in  physical  cleanliness,  but,  if 
justly  administered,  it  is  morally  clean  as  well,  for  so  important  is 
its  service,  so  often  does  the  issue  of  a  life  depend  upon  the  observ- 
ance of  some  apparently  minor  detail,  that  its  work  must  be  done 
under  the  strictest  discipline;  order,  obedience,  alertness  and  con- 
plete  devotion  to  the  duty  in  hand  must  be  commanded  within 
its  walls. 

Under  such  responsibilities  the  position  of  superintendent  of  a 
hospital  is  a  serious  one,  calling  for  administrative  ability  of  no 
mean  order. 

Gradually  with  the  growth  of  urban  hospitals  these  posts  have 
come  to  be  filled  by  selected  men  who,  from  previous  education, 
along  other  than  medical  lines,  or  from  training  in  the  hospitals 
themselves,  have  acquired  the  ability  to  deal  with  questions  of 
structure,  repair,  lighting,  heating,  ventilation,  equipment,  food 
supply,  and  the  details  having  to  do  with  a  housekeeping  for 
hundreds  of  patients  and  nearly  half  that  number,  the  usual  ratio, 
of  medical  house  officers,  nurses  and  attendants. 

Many  hospitals  are  administered  by  women  who  have  had  their 
preliminary  training  in  such  institutions  as  nurses;  women  are 
also  supplementing  the  general  administrative  work  as  superinten- 
dents of  hospital  training  schools  for  nurses. 

The  entrance  of  women  into  hospital  life  and  work  is  one  of  the 
sociological  advances  for  which  the  medical  profession  is  mainly 
responsible,  a  responsibility  having  a  serious  ethical  as  well  as  an 
important  economic  side. 

Under  present  conditions  the  training  schools  furnish  to  the 
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hospitals  a  much  better  service  than  could  otherwise  be  obtained, 
one  which  has  contributed  much  to  the  precision  and  fidelity  of 
the  work  done  and  which  has  moreover  exercised  a  generally  bene- 
cial  effect  upon  the  morals  of  the  patients. 

The  course  of  study  of  the  hospital  trained  nurse  is  a  severe  one, 
usually  of  two  years'  duration,  but  now  being  lengthened  to  three 
and  four  years;  the  woman  who  enters  upon,  and  continues  in  it, 
has  a  liberal  education  in  the  deterrent  side  of  human  life  and,  if 
she  graduates  well,  comes  out  of  the  hospital  to  enter  individually 
upon  a  vocation  in  which  she  is  likely  to  find  herself  set  apart  from 
the  society  about  her,  even  more  than  is  the  physician. 

For,  while  the  physician  has  his  medical  societies  and  other  social 
relationships  with  his  feUows,  the  nurse  has  only  the  affiliation 
with  her  training  school  and  hospital ;  that  she  often  finds  it  difficult 
to  cope  with  the  competition  in  her  profession  and  the  discomfort 
of  an  uncertain  income,  is  shown  by  the  tendency  to  re-enter 
institution  life,  even  at  moderate  salaries,  among  nurses  who  have 
been  in  private  practice. 

The  trained  nurse  has  now  been  in  existence,  as  a  community 
factor,  a  sufficient  length  of  time  to  make  statistical  estimates 
possible,  and  it  appears  that  the  active  professional  life  of  the  nurse, 
outside  of  institutions,  is  covered  by  an  extreme  limit  of  fifteen 
years,  and  that  the  average  annual  income  is  that  of  the  average 
woman  teacher. 

The  teacher  has  a  regular  stipend,  alloted  hours  of  work  and  a 
definite  holiday;  the  nurse,  in  private  practice,  has  no  regular 
stipend,  no  protracted  leisure,  and  leads  an  economically,  irregular 
life,  with  occasionally  extraordinary  demands  upon  her  strength 
and  powers  of  endurance. 

The  medical  profession,  which  has  created  the  trained  nurse, 
to  its  own  great  advantage  and  with  considerable  extension  of  its 
helpfulness,  owes  a  debt  which  should  be  acknowledged  not  only 
individually  but  generally. 

The  provision  for  lodgment  of  nurses  in  separate  buildings  where 
they  may,  when  off  duty,  have  the  comforts  of  a  home,  is  a  step  in 
this  direction ;  here  also  the  training  in  the  hospital  is  supplemented 
by  instruction  in  housekeeping,  purchasing  and  diet-kitchen  work, 
and  the  nurse  thus  educated  who  goes  into  private  practice  and 
becomes  temporarily,  the  member  of  a  household,  does  so  with  a 
better  knowledge  of  the  perplexities  which  may  beset  the  house 
mother  when  illness  cuts  across  the  line  of  home  affairs. 
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Another  question  which  is  coming  to  the  front  is  that  of  the 
estabHshment  of  cooperative  training  schools,  in  which  a  nurse, 
having  served  her  probationary  period  and  a  year  or  more  in  one 
hospital,  is  passed  on  to  a  second  and  third  hospital,  either  of  a 
different  class  or  in  another  city,  returning  to  the  first  hospital  for 
her  final  service  and  graduation.  Under  this  plan  the  nurse, 
admitted  only  on  an  entrance  examination  and  first  trained  in  a 
general  hospital,  would  continue  her  studies  in  a  lying-in  hospital, 
a  children's  hospital,  some  special  hospital  and  in  a  hospital  for 
contagious  diseases,  and  the  higher  educational  standard  required 
of  applicants,  the  length  of  the  course  and  its  completeness,  would 
tend  not  only  to  furnish  a  better  class  of  women,  more  competent 
to  succeed  in  private  practice,  but  would  help  to  prevent  that  over- 
crowding of  the  nursing  profession  already  apparent. 

Leaving  now  the  hospital,  a  term  here  meant  to  include  asylums, 
convalescent  homes  and  similar  institutions  which  are  his  particular 
province,  and  passing  over  questions,  interesting  in  themselves  in 
regard  to  the  working  relationship  of  medical  stafifs  and  boards 
of  managers,  let  us  consider  other  directions  wherein  the  physician 
finds  opportunities  for  the  acknowledgment  of  his  citizenship. 

The  medical  supervision  of  public  schools,  of  recent  inauguration, 
demanded  as  a  necessity  in  view  of  the  opportunity  afforded  for  the 
spread  of  contagious  diseases  through  the  medium  of  these  aggre- 
gation centers,  is  opening  the  way  to  a  much  larger  sociological 
service  than  was  at  first  expected  of  it ;  for,  where  medical  inspection 
has  been  fairly  established,  the  examiners  find  themselves  confronted 
with  questions  of  the  proper  seating  of  school  children,  of  the  pro- 
vision of  school  lunches,  of  proper  lighting,  ventilation  and  sanitary 
accommodations  and  of  the  detection  and  setting  aside  for  com- 
pensatory educational  advantages  children  whose  defective  sight  or 
hearing  puts  them  below  the  average  of  their  fellows. 

It  is  in  schools  for  the  defective,  however,  that  the  doctor  finds 
his  especial  work,  and  the  generous  provision  now  made  for  the 
care  of  feeble-minded  and  backward  children,  the  blind,  the  deaf, 
and  latterly  the  crippled,  gives  him  a  large  opportunity  for  elucida- 
tive study,  leading  toward  the  betterment  of  the  condition  of  those 
whose  inheritance  or  personal  misfortune  have  made  them  a  charge 
upon  the  community,  not  only  for  assistance,  but  for  encourage- 
ment toward  turning  their  moderate  capital  in  life  to  the  best 
account. 
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The  distinction  between  lack  of  perceptive  capacity  and  lack  of 
sense  transmission  is  frequently  represented  only  by  a  thin  and 
shadowy  line,  and  the  partition  classification  of  dependent  and 
imperfect  children  is  often  one  of  the  most  exacting  of  the  moral 
responsibilities  of  the  doctor. 

Children  who  are  regarded  as  backward,  or  even  idiotic,  are 
sometimes  found  on  careful  examination,  to  be  merely  creatures 
shut  within  themselves  by  the  closure  of  normal  channels  of  com- 
munication, and  the  bringing  of  such  children  into  touch,  through 
the  education  of  their  tactile  sense,  with  the  human  companionship 
which  makes  life  worth  living  is  worth  far  more  than  all  it  costs  in 
time  or  effort. 

In  such  cases  as  these  the  child  has  virtually  no  desultory 
memory,  all  impressions  received  come  mainly  through  one  channel 
and  the  memorizing  capacity  is  in  proportion  to  the  concentration 
effort  in  reception,  the  nervous  energy  of  the  child,  moreover, 
instead  of  being  expended  in  an  effort  at  reception  through  several 
sense  organs,  is  limited  to  a  distinctively  volitional  one,  and  in  place 
of  being  used  in  the  elaboration  of  different  methods  of  expression, 
is  devoted  almost  solely  to  perception. 

The  intelligence,  slowly  educated  by  an  expenditure  of  effort  on 
the  part  of  the  child  is,  reactively,  constantly  increasing  the  per- 
ceptive power,  so  that  when,  through  the  utilization  of  a  quickened 
tactile  sense,  new  forms  of  expression  are  afforded,  the  concen- 
trated nervous  energy  bursts  its  bounds  in  a  flood  of  questions,  and 
there  is  no  fairyland  imaginable  which  will  compare  in  its  wonders 
to  that  into  which  such  a  child  is  admitted  through  the  educational 
portals  of  the  kindergarten  for  the  blind. 

The  first  attempts  at  the  education  of  the  so-called  deaf  mutes, 
but  mutes  only  because  of  the  lack  of  hearing  and  of  training, 
began  naturally  through  the  medium  of  the  signs  and  gestures 
which  these  unfortunates  substituted  for  the  inadequate  utterance 
of  which  some  of  them  were  capable.  While  succeeding  in  impart- 
ing a  good  education,  through  the  medium  of  the  manual  and 
gesture  language,  this  method  created  a  class  set  apart  by  itself, 
because  of  its  inability  to  communicate,  through  any  other  medium 
than  that  of  writing,  with  its  hearing  and  speaking  environment. 

The  recognition,  in  an  educational  process,  of  so  serious  a  defect 
as  the  creation  of  a  distinct  class  in  the  community,  subject  to  the 
temptation  of  intermarriage  and  the  consequent  possibility  of  class 
perpetuation,  together  with  a  better  knowledge  of  the  fact  that 
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many  of  these  people  had  an  amount  of  hearing  power  sufficient 
to  enable  them  to  perceive  sounds  which  they  themselves  made, 
brought  about  the  gradual  introduction  into  the  manual  schools 
of  a  system  of  voice  training  and  lip  reading,  which  has  so  far 
gained  ground  as  to  lead  to  the  establishment  of  schools  devoted 
exclusively  to  this  method. 

The  growth  and  progress  of  schools  for  the  deaf  in  the  United 
States  since  the  establishment  of  the  first  school  in  1817,  may  be 
judged  from  the  fact  that  the  twelve  original  pupils  at  that  date 
have  now  increased  to  almost  ten  thousand,  in  over  eighty  schools, 
and  that  very  nearly  half  this  number  of  pupils  are  being  taught 
articulation. 

With  the  progress  of  a  method  of  education  which  is  ultimately 
destined  in  the  main  to  prevail,  since  it  is  in  the  line  of  that  socio- 
logical advance  which  seeks  to  make  and  keep  each  unit  a  viable 
member  of  the  community,  a  more  precise  determination  of  the 
amount  of  hearing  possessed  by  each  pupil,  and  the  possibility  of 
its  improvement  becomes  a  matter  of  great  importance. 

Under  the  auspices  of  the  National  Association  of  Teachers  of 
Speech  to  the  Deaf,  acting  in  cooperation  with  one  of  the  bodies 
forming  this  Association,  the  American  Otological  Society,  a 
systematic  examination  of  all  pupils  in  schools  for  the  deaf  through- 
out the  United  States  has  been  undertaken. 

The  purpose  of  this  investigation  is  to  provide,  not  for  what 
might  be  called  a  census  taking,  but  for  the  establishment  of 
continuous  special  medical  examination  of  the  pupils,  firstly  for 
their  immediate  advantage,  and,  secondly,  to  make  records  upon  a 
uniform  basis  suitable  for  comparison  and  tabulation. 

The  work,  already  begun  as  a  preliminary  investigation  in  the 
Horace  Mann  School,  shows  that  out  of  one  hundred  and  fifty 
children  set  apart  by  their  infirmity  and  specially  educated, 
fully  eight  per  cent,  are  capable  of  being  restored  to  an  amount 
of  hearing  which  will  enable  them,  in  some  instances  with  the  help 
of  artificial  aids  to  hearing,  to  take  their  places  in  the  society  of 
people  of  normal  average  hearing,  while  still  others,  to  the  extent 
of  an  additional  five  per  cent.,  can  be  so  far  improved  as  to  be 
materially  aided  in  their  power  to  acquire  well-modulated  articu- 
lation. 

Between  ten  and  fifteen  per  cent,  of  these  cases,  in  addition  to 
those  already  mentioned,  are  found  to  illustrate  the  truth  of  the 
saying  that  disuse  is  abuse,  for  in  them  it  is  possible,  by  means  of 
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speaking-tubes  and  other  appliances  for  the  direct  communication 
of  sound  to  the  perceptive  organs,  to  awaken  what  may  be  called, 
for  want  of  a  better  term,  the  latent  hearing,  and  make  it,  if  not  a 
means  of  communication  of  consecutive  thought,  at  least  useful  for 
improvement  of  the  articulation. 

With  the  continued  prosecution  of  this  investigation  there  is 
opened  a  large  field  for  the  study  of  the  causes  of  high  grades 
of  deafness  in  young  children,  and  one  leading  to  better  knowledge 
of  possibilities  of  prevention. 

A  more  recent  effort  at  compensatory  education  follows  lines  laid 
down  nearly  seventy  years  ago  in  Bavaria,  and  since  extended  to 
other  countries  in  Europe,  finding  its  most  marked  success  in  Italy. 

Five  years  ago  there  was  opened  in  Boston  a  charitable  institu- 
tion which  deserves  more  than  passing  notice  for  the  comparative 
novelty,  as  well  as  the  value,  of  the  work  undertaken  and  for  the 
promise  which  it  gives  of  extension. 

The  Industrial  School  for  Crippled  and  Deformed  Children, 
beginning  with  eleven  pupils  in  1895,  now  with  quadruple  that  num- 
ber and  a  large  waiting  list,  has  served  as  a  suggestion  for  the 
establishment  of  other  institutions  of  the  same  or  similar  character 
in  ]\Iilwaukee,  Chicago,  and  Baltimore. 

In  New  York  a  school  of  this  kind  is  now  projected,  and  in 
Philadelphia  ]\Ir.  Widener  has  recently  given  the  sum  of  two 
million  dollars,  the  income  of  which  is  to  be  expended  for  the  care, 
education,  and  industrial  training  of  cripples. 

"Strange  it  is,"  says  Dr.  E.  H.  Bradford,  the  practical  founder  of 
the  Boston  school,  in  a  paper  not  yet  published,  but  from  which  I 
am  permitted  to  quote,  "that  while  in  every  civilized  country  the 
insane,  the  blind,  the  dumb,  the  epileptic  and  the  idiotic  receive 
careful  attention,  but  little  heed  is  paid  to  the  education  of  the  most 
deserving  of  all  unfortunates,  namely  the  crippled. 

"The  cripple  is  left  to  the  almshouse  or  allowed  to  remain  in 
a  back  room  at  home  idle,  useless,  petted,  often  the  only  wilful 
member  of  the  family  whose  misdirected  kindness  aids  in  ruining 
his  character;  hampered  by  disease  and  deformed,  he  is  doomed 
to  the  injurious  influence  of  idleness. 

"Crippled  children  can  be  grouped  under  two  heads:  those  who 
are  suffering  from  a  chronic  disease  which,  during  their  childhood, 
either  prevents  their  attending  school  altogether,  or  else  where  their 
attendance  is  interrupted  or  prevented  because  their  feeble  condi- 
tion will  not  stand  the  fatigue  of  a  school  day  adapted  only  for 
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Strong  children.  The  majority  of  these,  if  they  receive  good  care, 
good  food,  good  air,  under  proper  medical  supervision,  recover 
with  more  or  less  resultant  deformity  and,  although  handicapped  as 
bread-winners,  are  eventually  able  to  do  something  as  workers,  that 
is,  if  trained  during  their  childhood,  may  become  skilled  in  sedentary 
occupations,  but  if  uneducated,  are  necessarily  idle  and  useless. 

"The  second  class  comprise  those  permanently  crippled  either  by 
congenital  deformity  or  by  paralysis.  They  can  never  recover 
from  their  ailment  and  are  permanently  excluded  from  the  use  of 
their  legs  or  arms.  Special  instruction  is  needed  for  these  and 
special  avenues  must  be  made  for  them  for  certain  kinds  of  work 
which  they  can  be  taught  to  do  with  the  aid  of  suitable  apparatus 
designed  for  them.  This  class  can  be  of  use  to  the  community 
in  many  instances,  as  their  affliction  frequently  develops  a  con- 
centrated ability  in  certain  directions,  not  found  in  more  active  or 
healthier  persons.  If  they  are  unable  to  become  producers  to  a 
large  extent,  yet  in  many  instances  they  may  be  trained  into 
workers  contributing  to  their  support.  They  are  saved  from  the 
curse  of  idleness  and  in  rare  instances  may  develop  unusual  and 
useful  talent." 

To  make  provision  for  these  two  classes  in  a  day  school  it  is 
necessary,  or  at  least  advisable,  to  furnish  means  of  transportation 
under  conditions  favorable  to  the  most  helpless  and,  in  the  school 
itself,  there  must  be,  in  addition  to  the  ordinary  recitation  and 
study  rooms,  rest  rooms  with  reclining  chairs  or  beds,  rooms  for 
the  training  of  the  pupils  in  various  occupations  and  a  diet  kitchen 
from  which  food  may  be  dispensed. 

To  meet  these  peculiar  conditions  the  stafif  of  teachers  must  be 
supplemented  by  a  trained  nurse,  and  there  should  be  regular 
medical  visitors,  preferably  men  on.  service  in  orthopaedic  hospitals. 

The  census  of  1890  gives  the  number  of  feeble-minded,  both 
children  and  adults,  in  the  United  States  as  a  little  less  than  one 
hundred  thousand ;  but  one  of  the  best  authorities  in  the  treatment 
of  this  class  of  dependents  thinks  that  there  are  probably  four  to 
every  thousand  of  the  population,  or  a  total  of  very  nearly  three 
hundred  thousand.  Of  this  number  about  one  in  thirty  only  are  in 
institutions  and  the  remainder  are  scattered  throughout  the  com- 
munity, some  in  their  own  homes,  where  they  are  the  objects  of 
solicitous  care  and  affectionate  regard,  others  and  the  larger  pro- 
portion, in  almshouses,  in  prisons,  and  on  the  road  as  tramps. 

Their  number  is  apparently  increasing.     In  i860  there  were  six 


S6  THE   SOCIOLOGICAL   STATUS   OF   THE   PHYSICIAISr. 

hundred  to  the  milHon  inhabitants,  in  1890,  fifteen  hundred  to  the 
milHon;  and  they  propagate  their  kind;  with  them  are  hnked  the 
variable  and  occasional  criminals,  as  distinguished  from  the 
criminals  having  criminal  trades,  and  about  the  borders  of  this 
realm  of  the  unfit  circulate  the  merely  idle,  the  dissolute,  the 
profligate  and  the  debauchee. 

The  differentiation  of  these  classes,  the  sorting  out  of  this  waste 
humanity,  the  utilization  of  what  is  good  in  it  and  the  protection 
of  that  which  is  feeble  and  useless  constitutes  one  of  the  most 
intricate  problems  of  modern  social  life. 

He  who  holds  the  key  to  a  situation  is  in  a  measure  responsible 
for  the  situation,  and  the  key  to  this  particular  problem  is  in  the 
hands  of  the  doctor  more  than  those  of  any  other  citizen. 

He,  more  than  any  other,  as  a  necessity  of  his  education,  has  been 
brought  personally  into  contact  with  the  deficient,  his  active  life  is 
spent  in  drawing  comparisons  with  a  normal  standard  of  which, 
if  he  is  to  do  his  work  well,  he  must  constantly  seek  to  keep  himself, 
physically,  mentally  and  morally,  an  example. 

It  is  evident  that  among  the  many  lines  of  sociological  activity 
prescient  of  the  growing  intelligence  and  increasing  public  con- 
science of  the  people,  this  work  of  analysis  of  human  waste  and 
of  discrimination  out  of  which  grows  helpful  suggestion  is  particu- 
larly the  province  of  the  doctor. 

A  measure  of  work  of  this  sort  should  be  commanded  of  the 
medical  profession  by  the  community,  not  that  the  medical  pro- 
fession is  not  already  engaged  in  such  work  and  does  not  find  in  it 
fruitful  opportunities,  but  that  to  command  is  to  sustain  and  to 
support,  and  the  public  could  with  advantage  make  the  labors  of 
the  physician  for  the  common  welfare  more  possible  than  they  are 
at  present. 

The  experience  which  has  led  to  the  substitution,  in  the  hospital 
supported  by  private  charity  and  in  the  municipal  hospital,  of  an 
educated  and  trained  physician  for  the  man  of  business  or  the 
politician  as  superintendent,  should  serve  the  same  purpose  in  our 
public  institutions.  The  doctor  is  ready  and  willing,  and  the  num- 
ber of  medical  men  who  would  accept  positions  of  this  kind  at 
moderate  salaries  under  conditions  which  would  give  them  time 
and  opportunity  for  studious  work,  is  steadily  increasing. 

The  popular  idea  of  an  almshouse  is  often  very  much  that  it 
is  a  place  for  the  storage  of  decrepit  bodies  past  usefulness,  an 
institution  paying  an  annuity  in  food  and  lodgment  to  such  members 
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of  the  community  as  have  not  had  the  fortune  or  the  foresight  to 
provide  for  their  inactive  years. 

It  is  partly  to  the  prevalence  of  this  idea  that  institutions  of 
this  class  have  been  public  jetsam  stranded  on  the  shores  of  the 
current  of  community  life ;  but,  the  stream  of  humanitarian  progress, 
increasing  in  volume  and  growing  ever  stronger,  is  lifting  them ; 
they  are  coming  to  be  regarded  more  as  hospitals,  administered 
more  upon  the  hospital  plan,  and  in  several  of  the  largest  city 
almshouses  of  this  country  the  changes  which  have  taken  place,  to 
the  betterment  of  the  inmates,  under  the  influence  of  a  regular 
medical  visiting  staff,  supplemented  by  salaried  house  ofificers  and 
trained  nurses,  is  most  gratifying  and  promissory  of  still  better 
conditions. 

The  same  influence  is  at  work  in  the  domain  of  penology ;  prisons 
are  everywhere  steadily  coming  to  be  less  punitive,  more  reforma- 
tory, and  the  indeterminate  sentence  is  a  recognition,  not  only  of 
the  possible  good  underlying  apparent  evil,  but  also  of  the  fact 
that  betterment  of  the  physical  condition,  as  well  as  of  the  mental 
point  of  view,  is  a  necessary  basis  for  a  healthier  morality. 

Dr.  Coulston,  of  the  Royal  Edinburgh  Asylum,  illustrates  the 
fact  that  purely  mental  and  moral  causes  play  but  a  small  part  in 
the  production  of  insanity,  as  compared  with  causes  bodily  and 
physical,  by  the  statement  that  of  cases  examined  by  him  only 
eleven  and  five-tenths  per  cent,  were  due  to  mental  shock,  the 
remainder  being  the  outcome  of  causes  acting  on  the  brain  through 
the  body;  drink  and  dissolute  living,  faulty  development,  hereditary 
disposition  and  the  like ;  furthermore  he  gives  it  as  his  opinion 
that  the  late  epidemic  of  influenza  caused  more  insanity  than  all 
the  public  and  private  anxiety  in  connection  with  the  war  in  Africa. 

The  weakness  of  will  and  the  inability  to  sustain  healthy  mental 
exertion,  evident  in  asylums  for  the  insane,  are  found  also,  though 
in  lesser  degree,  in  houses  of  refuge,  almshouses  and  prisons,  and 
the  parallelism  of  conditions  of  the  mentally,  morally  and  physically 
defective,  with  the  interchangeability  of  their  classification,  are 
nowhere  more  compactly  observable,  more  readily  made  subject  of 
study  than  in  the  public  institutions  departments  of  our  great  cities 
with  their  shifting  population  passing  from  one  institution  to 
another,  a  pauper,  a  drunkard,  a  malefactor  in  succession,  but 
always  a  public  charge. 

These  departments,  classed  in  the  civic  roster  with  the  depart- 
ments of  public  works  as  channels  of  expenditure,  fiscal  adminis- 
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tration  and  possible  political  preferment,  have  come  to  be  regarded, 
because  of  their  humanitarian  function,  as  fields  for  the  exploitation 
of  philanthropic  effort. 

Worthy  and  commendable  as  this  is  and  most  welcome  as 
opening  the  way  to  still  better  defined  conditions,  it  fails  of  its 
fullest  efficiency  because  it  lacks  the  necessary  foundation  of 
accurate  information  in  regard  to  the  subjects  with  which  it  has  to 
deal  and,  under  the  ordinarily  existing  political  conditions,  fails  of 
continuity  of  efifort. 

The  care  of  the  physically,  mentally,  and  morally  sick  is  so  very 
serious  a  part  of  the  business  of  life,  its  judicious  exercise  So 
important  to  the  welfare  of  the  whole  community,  that  it  is  best 
placed,  unreservedly,  in  the  hands  of  those  whose  training  has 
fitted  them  for  its  obligations  and  who  have  learned,  by  repeated 
experiences,  that  an  emotion  however  good,  or  an  impulse  how- 
ever philanthropic,  unexpressed  in  carefully  considered  and  con- 
tinuously beneficial  works,  sinks  to  the  level  of  a  personal 
gratification. 

The  ideal  institutions  department  is  that  which,  removed  entirely 
from  political  control,  but  still  a  part  of  the  city  government,  is 
adjusted  and  administered  upon  the  hospital  basis,  bringing  to  its 
service,  as  does  the  hospital,  the  conjoint  efforts  of  the  man  of 
business  and  the  physician.  The  actual  work  in  the  hands  of  a 
general  superintendent  or  commissioner,  a  medical  man  of  large 
experience  and  institution  training,  at  a  salary  enabling  him  to 
devote  his  whole  time  to  the  duties  of  his  office;  under  him,  as  the 
heads  of  sub-departments,  salaried  officials,  among  them  medical 
men  and  women  and  house  officers,  either  senior  medical  students 
or  recent  graduates,  holding  positions  the  equivalent  of  those  in 
general  hospitals. 

The  whole  under  control,  both  as  to  appointment,  general  man- 
agement and  expenditure,  of  a  board  of  trustees,  the  majority 
physicans,  and  an  unpaid  visiting  medical  staflF. 

The  existence  of  such  an  institutions  department  would  mean 
the  establishment  of  a  biological  station,  which  would  be  the  means 
of  bringing  the  greatest  benefit  to  its  inmates  and  at  the  same  time 
would  be  an  educational  center  from  which  would  emanate,  for 
professional  and  public  information,  deductions  derived  from  con- 
scientiously applied  scientific  observation. 

Aflfiliated  with  the  institutions  department  in  cities  is  the 
department   of   police;    through   the    police    station    pass   a   large 
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proportion  of  the  inmates  of  the  city  institutions  and,  under  poHce 
supervision  and  inspection,  live  the  defectives  with  whom  the  medi- 
cal profession  could,  advantageously,  be  brought  into  more  recog- 
nizedly  effective  contact,  either  by  medical  appointments  on  police 
commissions  or  by  the  creation  of  medical  bureaus  as  a  part  of 
police  departments. 

Such  bureaus,  in  addition  to  rendering  the  professional  services 
for  which  private  practitioners  or  contract  surgeons  are  usually 
employed,  would  provide  responsible  care  and  carefully  trained 
investigation  in  the  cases  of  accident  or  violence  with  correspond- 
ingly accurate  records,  and  could  be  made  to  do  valuable  correla- 
tive work  with  the  institutions,  the  police  and  the  hospitals. 

It  has  been  said  by  the  trainers  of  youth  that  they  do  not  get 
from  the  doctor  the  help  expected  and  needed  in  the  inculcation 
of  those  lessons  which  teach  the  moral  value  and  moral  use  of 
the  human  body  and  are  the  substructure  of  healthful  living,  and 
there  is  evidence  of  truth  in  this  statement,  but  it  is  doubtful  also 
if  the  doctor  has  as  yet  had  his  sufBcient  opportunity. 

The  recent  endowment  in  a  large  university,  of  a  professorship 
of  hygiene,  with  the  stipulated  condition  that  the  appointment  shall 
bear  with  it  the  obligation  of  a  closer  relationship  with  the  lives  of 
the  students,  is  an  important  and  welcome  step  in  this  direction, 
and  the  chair  so  endowed  might  be  made  the  center  of  a  depart- 
ment of  civics. 

Still  another  relationship,  which  may  be  broadened  beyond  its 
individual  phase,  is  that  between  the  doctor  and  the  clergyman,  and 
recent  experiments  based  upon  a  proposition  that  the  divinity 
student  should  have  opportunities  to  see  the  practical  side  of 
hospital  and  other  institution  work  under  medical  guidance,  are  so 
promising  as  to  lead  to  the  serious  consideration  of  making  this  a 
definite  part  of  regular  divinity  school  instruction,  while  the 
growing  appreciation  of  the  importance  of  medical  missions  with 
the  understanding  that  they  are  to  be  in  the  charge  of  thoroughly 
educated  physicians  and  the  demands  for  instruction  in  medical 
ethics  in  our  medical  schools  show  a  tendency  to  approximation  in 
the  work  of  two  professions  which  began  originally  as  one. 

It  would  be  interesting  to  take  up  in  detail  other  and  various 
channels  through  which  the  doctor,  because  of  the  elaboration  of 
modem  community  life,  finds  recognized  opportunities  for  his 
outgo  from  the  unit  to  the  mass;  such,  for  instance,  as  questions 
of  water  supply  and  sewage  disposition,  food  and  drug  adultera- 
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tions,  asylum  and  hospital  construction,  health  and  quarantine 
regulations,  hygiene  and  physical  training  and  to  cite  illustrative 
instances ;  but  enough  has  been  said  to  emphasize  the  fact  that  his 
principal  value  to  the  community  springs  from  his  intimate  knowl- 
edge of  the  personal  needs  of  his  brother  man. 

His  sociological  status  is  the  outcome  of  this  distinctive  privilege, 
and  his  recognition  and  proper  use  of  it,  as  the  teacher  of  the 
individual  and  as  the  exponent  of  the  beauty  and  righteousness  of 
cleanly,  wholesome  and  useful  living,  make  his  foremost  duty  to 
society. 
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BY  S.    WEIR  MITCHELL,   M.D.,    LL.D., 
of  PliUadelphia. 

The  hunt  is  o'er; — the  stone-armed  spears  have  won; 

Dead  on  the  hillside  lies  the  mastodon. 

Unmoved  the  warriors  their  wounded  leave; 

The  world  is  young  and  has  not  learned  to  grieve. 

But  one,  a  gentler  sharer  of  the  fray, 

Waits  in  the  twilight  of  the  westering  day. 

Where  'neath  his  gaze  a  cave-man,  hairy,  grim. 

Groans  out  the  anguish  of  his  mangled  limb. 

Caught  in  the  net  of  thought  the  watcher  kneels. 

With  tender  doubt  the  tortured  member  feels. 

And,  first  of  men  a  healing  thought  to  know. 

He  finds  his  hand  can  check  the  life-blood's  flow. 

What  sense  of  pleasure  won  that  helping  hand 
You  best  can  tell,  you  best  can  understand, 
Who,  looking  back  across  your  busy  years, 
Know  what  your  hands  have  spared  of  pain  and  tears. 
First  of  your  guild !     Before  me  sit  to-day 
His  latest  offspring,  while  the  Century  gray. 
Proud  of  your  past,  and  of  your  future  sure, 
Knows  that  what  else  may  perish,  you  endure. 
What  need  to  tell  your  story?     Brief  the  task. 
You  are  the  wondrous  history  you  ask! 
A  living  record !     They  who  first  in  vain 
Throbbed  with  desire  to  ease  a  brother's  pain 
More  largely  live  in  you ;   and  yours  the  joy, 
The  priceless  happiness  without  alloy 
Of  him,  the  first,  who  saw  his  infant  art 
Bring  back  the  life-blood  to  the  failing  heart. 
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Heirs  of  the  ages !     Heritors  of  thought 

By  Galen  gathered,  or  by  Celsus  taught, 

Greek,  Arab,  Roman  breathe  in  you  to-day, 

And  the  great  captains  of  that  long  array. 

Who  through  dark  centuries  led  your  slow  advance 

To  the  proud  sun-burst  of  the  Renaissance. 

A  splendid  lineage!     Who  may  hope  to  trace 

The  dateless  legend  of  your  ancient  race? 

Lo!  through  the  mist  of  years  I  see  them  rise, 

The  great,  the  good,  the  witty  and  the  wise. 

The  poet's  laurel  crowns  your  blazoned  shield. 

Sage,  scholar,  statesman  reap  your  ample  field. 

Your  names  are  many  on  the  fearless  roll 

Of  those  who  signed  a  nation's  birthday  scroll. 

Too  oft  our  changeful  story  seems  to  show 
That  what  men  knew  they  only  seemed  to  know. 
They  lived,  they  toiled,  they  joined  the  silent  dead. 
On  dusty  shelves  their  books  repose,  unread. 
The  scholar  wandering  o'er  this  vast  domain 
Once  rich  with  living  thought,  may  think  how  vain 
Our  work  will  seem  to  those  who  hither  come 
To  sum  our  gains  when  we  in  turn  are  dumb. 
Yet  that  which  wins  to-morrow's  grateful  praise 
Is  the  sure  child  of  faltering  yesterdays. 
And  countless  hands  must  till  the  stubborn  soil 
That  one  may  reap  the  harvest  of  their  toil. 
To  know,  alas!  but  feeds  the  crave  to  know; 
Upon  our  hands  life's  endless  riddles  grow, 
Until  we  learn  that  every  hard-won  hill 
But  sets  the  far  horizon  farther  still: 
Yet  ah,  how  keen  the  mind-thrill  of  delight 
When  some  new  sun  illumes  our  lessening  night, 
And  problems,  dark  for  many  a  weary  year, 
Shine,  simply  answered, — luminous  and  clear. 


THE   PHYSICIAN.  93 

With  conscience  calm  you  see  the  century  go, 
And  know  how  much  to  you  its  glories  owe. 
It  saw  grow  safe  beneath  the  surgeon's  knife — 
Almost  too  safe — the  sacred  human  life. 
It  saw  forever  stilled  the  cry  of  pain. 
Which  shall  we  dare  to  count  the  higher  gain? 
Two  older  victories  we  gladly  place 
In  the  proud  annals  of  our  English  race; 
When  some  glad  seraph  gave  to  Jenner's  ear 
The  whispered  spell  that  slew  a  giant  fear, 
And,  strangely  killed  despite  his  guard  of  lies, 
Touched  with  a  needle's  point  the  monster  dies. 
When,  too,  as  one  amid  some  deepest  night, 
Sees  the  quick  lightning  fill  the  world  with  light. 
Our  patient,  modest  Harvey  saw  revealed 
The  wonder-secret  life  so  long  concealed. 
Who  would  not  envy  those  who  share  alone 
With  God  the  secrets  only  He  had  known: 
Who  win  the  joy  of  soaring  unconfined 
High  o'er  the  levels  of  the  common  mind. 
Or  humbly  searching  some  well-trodden  ground. 
Find  the  rare  jewel  no  one  else  had  found? 

Such  were  the  sires  with  whom  your  art  began. 
For  you,  who  thoughtful  that  proud  record  scan. 
Know  the  true  children  of  the  mighty  dead 
Are  those  alone   who   in   their   footsteps   tread. 
And  that  a  man's  true  ancestors  are  they 
Who,  dying,  left  him  all  that  genius  may. 
You  wield  new  arms,  are  'neath  new  flags  arrayed, 
Yet  are  you  still  what  these  our  fathers  made. 
What  they  have  given  it  needs  not  me  to  find, 
Nor  what  high  masters  schooled  the  growing  mind; 
Great  was  the  sire  who  gave  to  you  and  these 
The  stately  oath  of  stern  Hippocrates. 
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That  creed  was  old  before  the  Christ  was  born 
To  give  it  heavenly  light  and  larger  morn 
Of  ampler  meaning,  when  a  white-robed  man 
Taught,  as  those  wonder-years  in  sadness  ran, 
Taught,  as  he  practiced  our  divinest  art, 
Who  heals  the  body  best  can  heal  the  heart. 

Your  guild  is  old  and  no  historic  page 

Records  its  birth  or  dares  to  set  its  age. 

A  score  of  codes  the  lawyer's  learning  needs; 

The  priest  is  servant  of  an  hundred  creeds 

That  sow  dissension  and  that  stir  debate. 

And  in  their  turn  have  fed  the  fires  of  hate: 

But  you,  o'er  all  the  earth,  in  every  land. 

Find  the  warm  greeting  of  a  brother  hand. 

One  creed  is  yours,  and  till  all  time  has  ceased 

Still  are  you  doctor,  somewhat  are  you  priest. 

The  colder  man  may  vainly  try  to  live 

Free  from  confession  such  as  sorrows  give: 

The  priest  hears  part  of  life — you  hear  the  whole, 

When  fear  or  anguish  racks  the  tortured  soul. 

'Tis  we  who  know,  and  haply  we  alone. 

What  grandsire's  sin  a  life  has  overthrown. 

What  inborn  taint  has  been  the  fatal  source 

That  gave  temptation  such  resistless  force. 

How  can  we  lack  the  charity  that  wins 

From  God-like  knowledge  large  excuse  for  sins? 

Not  yours  to  pass  upon  the  other  side. 

Or  giving  part,  to  leave  the  rest  denied. 

Our  best  have  owned  the  rare  dramatic  power 

Which  gives  to  sympathy  its  lifting  hour; 

Go  learn  of  them,  the  masters  of  our  art, 

To  trust  that  wise  consultant  called  the  heart. 

There  are  among  us  those  who  haply  please 

To  think  our  business  is  to  treat  disease. 
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And  all  unknowing  lack  this  lesson  still, 

'Tis  not  the  body  but  the  man  is  ill. 

God's  ways  are  dark,  and  in  their  gloom  we  walk; 

Not  ours  to  know  why  life's  grim  spectres  stalk. 

We  tread  mysterious  paths  in  touch  with  pain, 

Birth,  death,  disease,  strange  phantoms  of  the  brain. 

Perplexed  we  recognize  the  doubtful  hour 

When  indecision  paralyzes  power. 

No  intuition  leads  with  certain  hand — 

Tuition  rather — and  the  sure  command 

Of  reason  competent  to  read  with  ease 

The  dim  and  half-seen  signals  of  disease: 

So  doth  the  poet  question  Nature's  soul. 

And  knowing  part,  infer  the  larger  whole. 

Would  I  might  call  these  grave  consultants  here 
To  trace  the  coming  century  year  by  year. 
To  learn  what  crippled  theories  she  flings 
Upon  the  dust-heap  of  forgotten  things. 
What  blazing  head-lights  shrink  to  tallow-dips, 
What  well-known  names  must  suffer  time's  eclipse. 
Yet  hope  shines  ever  in  her  maiden  eyes. 
Her  silent  lips  are  treasuries  of  surprise. 
What  ghastly  shapes  her  stately  presence  fly! 
What  ancient  plagues  beneath  her  footfall  die! 

Fair  heritress  of  every  human  hope. 
Rich  with  the  marvels  of  time's  widening  scope, 
However  high  may  rise  thy  soaring  wing, 
Whatever  change  thy  fuller  days  may  bring, 
Our  ancient  lesson  will   be  ever  new; 
That  priceless  lesson  will  be  ever  true; 
Time  did  not  teach  it:  time  will  change  it  not. 
This,  this  shall  last  though  all  our  lore's  forgot. 
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To  give  what  none  can  measure,  none  can  weigh, 

Simply  to  go  where  duty  points  the  way; 

To  face  unquestioning  the  fever's  breath, 

The  hundred  shadows  of  the  vale  of  death; 

To  bear  Christ's  message  through  the  battle's  rage. 

The  yellow  plague,  the  leper's  island  cage, 

And  with  our  noblest  "well  to  understand 

The  poor  man's  call  as  only  God's  command." 

Ay,  under  every  century's  changing  sky 

Shall  the  Greek  master's  triple  signal  fly, — 

Faith,  Honor,  Duty, — Duty  calmly  done, 

That  shouts  no  self-praise  o'er  a  victory  won; 

One  bugle  note  our  only  battle  call, 

One  sinsrle  watchword,  Dutv. — That  is  all. 


Where  are  your  honors?     Ribbons,  titles,  place. 

In  other  lands  reward  the  winner's  race. 

But  here,  to-day,  beneath  our  equal  sun. 

The  simple  guerdon  of  some  victory  won 

Is  but  to  hear  your  Ave!     Hail!     Well   done! 

Alas!  not  always  even  this  is  sure 

For  him  who  lessens  that  which  men  endure. 

We  are  but  mortal,  and,  with  blinded  eyes. 

May  fail  to  see  who  surely  won  the  prize, 

Or  see  too  late,  as  once  we  saw  in  vain 

The  fate  of  him  who  wrought  the  death  of  pain. 

Guard  well  that  memory,  lest  again  we  flout 

Some  hero-victim  with  our  torturing  doubt. 

How  thanked  we  jMorton?     Ah!  'No  joy-bells  rang, 

No  paeans  greeted,  and  no  poet  sang. 

No  cannon  thundered  from  a  peaceful  strand 

That  bloodless  victory  to  a  grateful  land. 

We  took  the  gift,  so  humbly,  simply  given, 

And,  coldly  doubting,  left  the  rest  to  Heaven.* 
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Swift  pass  the  days.     Our  century  slowly  dies, — 

Quick  beats  her  pulse  and  filmy  are  her  eyes. 

Her  flowing  robes  are  red  with  countless  wars, 

Her  tender  breasts  are  sad  with  many  scars; 

Yet  in  her  dying  eyes  prophetic  glows 

Some  sweet  prediction  of  a  world's  repose. 

Lo,  at  her  side  the  coming  sister  stands, 

And  bends  to  hear,  and  folds  those  wasted  hands. 

'"What  shall  I  bring  which  thou  hast  failed  to  find? 

What  nobler  hope  have  I  to  give  mankind?" 

Hark!  From  the  lips  where  life  had  seemed  to  cease 

Comes  the  low  murmur:  "Thou  shalt  give  them  Peace." 
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BY  H.   P.    BOWDITCH,   M.D.,    LL.D.,   D.SC. 
Professor  of  Physiology  in  tlie  Harvard  Medical  School. 

Among  the  intellectual  movements  that  have  characterized  the 
century  now  drawing  to  a  close,  there  is  perhaps  no  one  more 
deserving  of  careful  study  than  that  which  is  concerned  with  pro- 
viding education  for  the  people  in  the  school,  the  academy  and  the 
university.  The  importance  of  popular  education  became  apparent 
in  proportion  as  political  freedom  was  secured  for  the  people. 
Thus  Viscount  Sherbrooke,  better  known  as  the  Hon.  Robert 
Lowe,  in  the  reform  debates  of  1866  and  1867,  after  the  passage  of 
a  bill  for  the  extension  of  the  suffrage,  uttered  the  well-known 
words:  "We  must  now  at  least  educate  our  masters."  The  same 
sentiment  has  also  more  recently  been  embodied  in  the  inscription 
on  the  Boston  Public  Library,  "The  Commonwealth  requires  the 
education  of  the  people  as  the  safeguard  of  order  and  liberty,"  and 
in  the  Presidential  Address  of  Dr.  J.  M.  Bodine^  at  the  meeting 
of  the  Association  of  American  Colleges  in  1897,  we  find  the  same 
idea  thus  expressed:  "In  America  the  citizen  is  king.  The  king 
must  be  educated  to  wield  aright  his  ballot  sceptre." 

For  many  years  educators  looked  upon  their  work  with  no  little 
complacency.  The  educational  systems  of  the  various  civilized 
countries  were  supposed  to  be  well  adapted  to  the  ends  in 
view,  and  educational  exhibits  have  generally  been  regarded  as 
important  features  of  international  expositions.  But  within  the 
memory  of  most  of  those  now  before  me,  signs  of  serious  discontent 
have  not  been  wanting.  Education  has  not  always  been  found  to 
furnish  the  required  safeguards  for  order  and  liberty.  Highly 
educated  men  have  often  been  found  singularly  lacking  in  mental 
balance.  Schools  for  the  inculcation  of  "common  sense"  have 
never  yet  been  established.  Even  the  great  development  of 
psychology  as  an  experimental  science,  which  has  occurred  chiefly 
within  the  last  twenty-five  years,  though  it  has  served  to  establish 
many  laws  of  mental  action,  has  thus  far  failed  to  justify  the  hope 
that  pedagogy  may  find  in  psychology  a  foundation  for  the  erection 
of  rational  systems  of  education.  Indeed,  we  have  recently  been 
told  by  one  of  the  ablest  expounders  of  this  science,  that  it  is  a 
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great  mistake  for  teachers  to  '"think  that  psychology,  being  the 
science  of  the  mind's  laws,  is  something  from  which  they  can 
deduce  definite  programmes  and  schemes  and  methods  for  imme- 
diate school-room  use.  Psychology  is  a  science  and  teaching  is  an 
art.  A  science  only  lays  down  lines  within  which  the  rules  of 
the  art  must  fall,  laws  which  the  follower  of  the  art  must  not  trans- 
gress; but  what  particular  thing  he  shall  positively  do  within  those 
lines  is  left  exclusively  to  his  own  genius. "- 

Even  this  general  guidance  has  been  very  imperfectly  afforded, 
for  the  limits  set  by  the  science  of  psychology  to  the  art  of  teaching 
have  never  been  precisely  defined.  In  fact,  the  most  fundamental 
question  of  all,  namely,  the  relation  of  mental  to  physical  develop- 
ment, has  not  yet  been  settled,  though  much  material  for  its  study 
has  been  collected.  It  is  not,  therefore,  surprising  that  in  many 
countries  teachers  have  made  too  great  demands  upon  the  time 
and  strength  of  growing  children. 

This  has  been  clearly  the  case  in  some  parts  of  Germany,  where 
school  boys  from  eight  to  fifteen  years  of  age  have  found  their 
vital  energy  so  far  exhausted  by  the  school  work  required  of  them 
that  they  have  lost  all  inclination  for  vigorous  athletic  amusements 
so  naturally  indulged  in  by  Anglo-Saxon  boys.  The  deterioration 
of  the  race  as  a  result  of  too  close  application  to  intellectual  pur- 
suits, to  the  neglect  of  the  physique,  has  been  fortunately  obviated, 
in  the  case  of  Germany,  by  the  army  system,  which  takes  entire 
possession  of  the  youth  before  it  is  too  late,  and,  by  requiring  him 
to  devote  three  years  to  the  education  of  his  body,  turns  him  out, 
at  the  end  of  that  period,  a  young  man  with  mind  and  body  trained 
to  a  high  degree  of  efficiency,  well  fitted  for  civil  as  well  as  military 
pursuits,  and  comparing  favorably  in  all  respects  with  men  of  his 
age  in  other  nations.  Looked  at  from  this  point  of  view,  the 
German  army  must  be  regarded  as  an  important  part  of  the  edu- 
cational system  of  the  country,  though  as  a  piece  of  educational 
machinery  its  workings  cannot  be  considered  economical.  In  fact, 
the  absurdity  of  depending  upon  the  army  to  remedy  the  defects  of 
the  school  system  has  long  since  been  forced  upon  the  attention  of 
German  educators,  and  the  difficulties  above  alluded  to  are  now  in  a 
fair  way  to  be  removed. 

In  our  own  country  difficulties  of  a  quite  diflferent  kind  have 
been  met  with.  Here  the  great  danger  which  threatens  our  system 
of  popular  education  arises  from  its  close  association  with  party 
politics.     The  office  of  a  school  committeeman  in  one  of  our  large 
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cities  has  been  well  described  as  "the  smallest  coin  in  which 
politicians  pay  their  debts,"  and  as  long  as  the  education  of  our 
children  continues  to  be  entrusted  largely  to  men  who  consider 
their  position  on  a  school  board  as  the  lowest  step  of  the  political 
ladder,  there  is  small  hope  of  the  adoption  of  rational  methods  of 
education.  Moreover,  this  intimate  alliance  between  education  and 
politics  greatly  aids  the  efforts  of  persons,  more  zealous  than  dis- 
creet, to  direct  the  instruction  of  children  in  accordance  with  their 
own  special  views.  Thus  nearly  all  the  States  of  the  Union  have 
upon  their  statute  books  laws  requiring  the  physiological  action 
of  alcohol  to  be  taught  to  children  in  all  grades  of  the  public 
schools.  These  laws  violate  the  first  principles  of  pedagog}^  inas- 
much as  the  physiological  action  of  a  drug  cannot  possibly  be 
understood  without  a  familiarity  with  anatomy,  physiology  and 
chemistry  which  school  children  cannot  be  supposed  to  possess. 
They  have  been  passed  at  the  bidding  of  total  abstinence  associa- 
tions, sometimes  in  opposition  to  the  earnest  protests  of  the  teachers 
entrusted  with  their  execution.  How  these  excrescences  upon  our 
educational  system  may  be  best  removed,  and  the  work  of  instruc- 
tion placed  under  the  control  of  those  best  qualified  to  direct  it,  are 
questions  demanding  serious  consideration. 

I  have  mentioned  these  instances  in  which  great  educational 
systems  have  been  found  wanting  merely  for  the  sake  of  pointing 
out  that  the  critics  of  our  methods  of  medical  education,  who, 
as  Professor  Exner^  has  shown,  are  now  raising  their  voices  in  every 
land,  do  but  give  a  special  expression  to  a  widespread  feeling  that 
our  educational  systems  are  not  accomplishing  all  the  objects  for 
which  they  have  been  devised,  and  that  the  discontent  which  they 
imply  is  but  a  healthy  dissatisfaction  with  the  results  thus  far 
accomplished.  May  the  time  be  far  distant  when  those  in  charge 
of  our  educational  interests  shall  rest  content  with  what  they  have 
achieved,  for  this  will  indicate  that  a  state  of  stagnation  has  been 
reached  similar  to  that  which  characterizes  the  institutions  of  the 
Celestial  Empire,  and  that  no  further  attempt  is  to  be  made  to 
adapt  our  methods  of  instruction  to  the  constantly  widening  domain 
of  human  knowledge  and  experience. 

It  may  perhaps  be  well  for  me  at  this  point  to  oflfer  a  few  words 
in  explanation  of  the  selection  of  such  a  well-worn  theme  as  medi- 
cal education  as  the  subject  of  my  remarks  this  evening.  It  is  true 
that  in  recent  years  the  subject  has  been  a  favorite  one  with  those 
who  have  been   called  upon  to  address  medical  associations   or 
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classes  of  graduating  students,  and  if,  in  spite  of  this  fact,  I  venture 
to  add  another  address  to  the  fast  growing  literature  of  the  subject, 
my  justification  may  be  found  in  the  following  reasons.  In  the  first 
place,  it  must  be  borne  in  mind  that  such  addresses  are  ver\'  quickly 
forgotten.  ''Were  it  not  so,"  as  Dr.  Billings  has  remarked,  "it 
would  be  a  hard  world  for  address-givers."  In  the  second  place, 
the  progress  of  medicine  at  the  present  time  is  so  rapid  that  new- 
points  of  view  are  constantly  being  secured,  and  it  is,  therefore,  not 
at  all  impossible  that,  even  at  comparatively-  short  intervals,  new 
and  valuable  suggestions  may  be  made,  both  with  regard  to  sub- 
jects to  be  taught  and  to  methods  to  be  employed  in  giving  the 
instruction. 

Lastly,  it  so  happens  that  during  the  academic  year  now  nearly 
completed  the  Faculty-  of  the  Har\'ard  Medical  School  has  inau- 
gurated an  entirely  new  plan  of  instruction  in  the  sciences  of 
anatomy,  physiolog}-  and  pathologv*.  This  scheme,  though  still  in 
the  experimental  stage,  embodies  ideas  of  such  fundamental  impor- 
tance in  medical  education  that  its  presentation  to  a  representative 
body  of  the  medical  profession  seems  to  me  to  be  peculiarly 
appropriate. 

I  shall  therefore  ask  you  to  consider  v/ith  me  this  evening  what 
lessons  the  facult}'  of  a  modern  medical  school  may  draw  from 
recent  advances  in  medical  science  and  recent  experience  in  medical 
education,  or,  in  other  words,  on  what  lines  the  instruction  of  a 
m.edical  school  of  the  first  rank  is  likely,  in  the  immediate  future, 
to  be  organized.  I  say  in  the  immediate  future,  for  what  changes 
are  in  store  for  us  in  the  course  of  the  next  few  decades  it  is 
equally  im^possible  to  foresee  and  useless  to  speculate. 

Relation  of  ^Medical  Schools  to  Universities. 

One  of  the  most  hopeful  signs  of  the  times  in  the  field  of  medical 
education  is  the  growing  tendency  of  the  better  schools  to  ally 
themselves  to  universities,  and  of  universities  to  establish  medical 
departments.  Of  the  great  advantages  to  medical  education  which 
may  be  expected  from  this  union  it  is  unnecessary  for  me  to  speak, 
for  they  formed  the  subject  of  a  thoughtful  discourse  delivered  by 
the  last  president  of  this  Congress  at  Yale  University  in  1888.* 
The  twelve  years  that  have  elapsed  since  he  spoke  have  brought 
accumulating  evidence  of  the  soundness  of  his  views.  In  fact, 
it  is  difficult  to  see  how  a  private  medical  school  of  the  joint  stock 
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company  type  can  ever,  in  the  futvire,  rise  to  the  first  rank,  for 
such  a  school  is  not  much  more  likely  to  attract  endowments  than 
a  cotton  mill  and  without  endowments  the  enormous  expenses  of 
a  modern  first-class  medical  school  cannot  possibly  be  met. 

Great  as  are  the  benefits  to  a  medical  school  of  thus  forming  a 
department  of  a  great  university,  the  advantages  of  the  union 
are  not  wholly  on  one  side.  Beside  the  increase  of  prestige  secured 
to  the  university  by  the  broadening  of  its  functions,  the  establish- 
ment of  a  medical  school  as  part  of  the  university  organization 
greatly  facilitates  the  instruction  of  those  students  who,  without  any 
intention  of  becoming  physicans,  seek  in  the  study  of  the  medical 
sciences  a  means  of  general  culture  and  mental  discipline. 

The  relations  between  the  governing  body  of  a  university  and 
its  medical  faculty  in  matters  of  administration  are  often  defined 
by  custom  and  tradition  rather  than  by  statutory  provisions,  and 
vary  considerably  in  different  institutions.  In  general,  two  methods 
of  government  may  be  distinguished.  Either  the  initiative  is  left 
with  the  teaching  faculty,  the  governing  body  exercising  simply  a 
veto  power,  or  the  governing  body  acts  directly  without  necessarily 
asking  advice  from  the  faculty  or  its  members.  The  former  method 
of  government  is  most  likely  to  be  found  in  those  cases  in  which 
a  well-established  medical  school  has  allied  itself  to  a  university 
for  the  sake  of  the  mutual  benefits  that  may  ensue  from  the  union, 
and  the  latter  method  in  those  cases  in  which  a  university  has 
completed  its  organization  by  the  creation  of  a  medical  department. 
Both  methods  have  certain  advantages  and  neither  is  without  its 
drawbacks.  In  all  cases  men  are  more  important  than  methods. 
On  the  one  hand,  the  collective  judgment  of  a  teaching  faculty  on 
matters  relating  to  medical  education  is  likely  to  be  of  more  value 
than  that  of  a  governing  body  which  may  not,  and  generally  does 
not,  include  physicians  among  its  members.  On  the  other  hand, 
personal  and  selfish  considerations  are  perhaps  more  apt  to  sway 
the  judgment  of  a  faculty  than  that  of  a  body  of  trustees,  especially 
when  the  question  is  that  of  the  appointment  of  teachers.  That 
this  is  not  a  serious  danger,  however,  the  experience  of  Germany 
seems  clearly  to  show,  for  in  that  country,  as  Dr.  Farlow  has 
recently  pointed  out,  the  faculty  ''has  more  power  in  regard  to 
appointments  and  the  general  policy  of  the  university""  than  with 
us,  and  yet  we  find  there  the  custom  of  calling  professors  from 
one  university  to  another  fully  established — a  custom  which  must 
be  regarded  as  one  of  the  strongest  influences  in  maintaining  a 
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high  standard  of  educational  efficiency.  On  the  whole,  therefore, 
even  with  this  possibility  of  error,  the  judgment  of  a  faculty  would 
seem  to  be  the  safer  guide,  and  there  are  probably  few  boards  of 
trustees  who  would  feel  themselves  justified  in  disregarding  it 
altogether. 

The  above-mentioned  advantages  of  a  union  between  a  medical 
school  and  a  university  will  naturally  become  more  obvious  as  the 
problems  of  medical  education  become  more  complex  and  the 
methods  of  instruction  more  costly.  Hence  we  may  expect  in  the 
near  future  to  find  all  of  the  better  class  of  medical  schools  under 
the  asgis  of  a  university  and  we  may  reasonably  hope  that  this 
change  will  be  associated  with  a  diminution  of  the  total  number  of 
medical  schools  now  so  greatly  in  excess  of  the  needs  of  the  country. 

The  union  of  a  medical  school  with  a  university  at  once  compels 
the  consideration  of  the  proper  relation  between  the  academic 
department  and  the  professional  school.  To  say  that  the  former 
should  be  the  feeder  of  the  latter  and  that  the  holding  of  an  A.B. 
degree  should  be  the  condition  of  admission  to  professional  studies 
is  to  adopt  the  position  taken  by  two  of  our  leading  medical  schools. 

The  A.B.  degree,  however,  since  the  introduction  of  the  elective 
system,  no  longer  stands  for  a  definite  amount  and  kind  of  training. 
Hence  the  Johns  Hopkins  Medical  School  demands  not  only  the 
diploma,  but  also  evidence  of  ability  to  read  French  and  German 
and  of  laboratory  training  in  physics,  chemistry  and  biology.  The 
Har\-ard  IMedical  School  is  content  to  accept  the  A.B.  diploma  as 
evidence  of  fitness  to  pursue  professional  studies,  stipulating  only 
that  the  holder  shall  possess  an  adequate  knowledge  of  inorganic 
chemistry.  Whether  the  example  set  by  these  schools  will  be 
generally  followed  is  quite  doubtful.  Without  undervaluing  the 
importance  of  collegiate  training  as  a  preparation  for  a  professional 
career,  it  may  perhaps  be  contended  that  a  properly  conducted 
admission  examination  is  a  better  test  of  fitness  to  pursue  the  study 
of  medicine  than  the  possession  of  a  diploma  the  value  of  which 
varies  so  much  with  the  character  of  the  college  bestowing  it. 
Moreover  the  possibility  that  a  young  man  unable  to  afford  the 
expense  of  a  college  course  may  yet  by  private  study  prepare 
himself  for  a  professional  career  is  not  to  be  lost  sight  of.  Hence 
the  Harvard  school  provides  for  the  admission  by  special  vote  of 
the  faculty  of  young  men,  not  holders  of  an  A.B.  degree,  who  may 
furnish  satisfactory  evidence  that  they  have  obtained  an  equivalent 
education  and  that  they  are  consequently  able  to  profit  by  the 
instruction  which  the  school  has  to  offer. 
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The  recent  lengthening  of  the  course  of  study  from  three  years  to 
four  in  all  the  best  medical  schools  of  the  country  has  drawn  renewed 
attention  to  the  importance  of  enabling  the  student  who  takes  the 
A.B.  degree  as  a  preparation  for  medicine  to  so  far  shorten  the 
sum  total  of  the  time  devoted  to  his  education  that  he  may  be  able 
to  enter  upon  the  work  of  his  profession  at  an  age  not  in  excess  of 
that  at  which  his  European  confreres  begin  their  career  as  practi- 
tioners. A  few  years  ago  an  examination  of  the  best  accessible 
evidence  on  the  subject  led  to  the  conclusion  that  foreign  systems 
of  university  education  enabled  students  of  medicine  to  enter  upon 
their  life  work  at  least  two  years  earlier  than  was  possible  for  the 
alumni  of  Harvard  College,  a  condition  dependent  upon  the  fact 
that  the  changes  in  the  academic  department  which  had  raised  the 
age  of  graduation  had  been  made  with  little  regard  to  the  interests 
of  the  professional  schools  and  chiefly  for  the  purpose  of  making 
the  undergraduate  department  as  complete  as  possible  in  itself.  In 
other  universities  a  similar  condition  existed,  though  probably  not 
to  the  same  degree  as  in  Harvard. 

That  the  American  medical  student,  seeking  the  best  possible 
preparation  for  his  profession,  is  seriously  handicapped  by  these 
conditions,  has  been  generally  recognized,  and  the  question  of  the 
best  method  of  meeting  the  difficulty  has  been  widely  discussed. 
The  most  thorough  treatment  of  the  case  consists  in  reducing  the 
academic  course  to  three  years.  Less  radical  methods  are  the 
provision  in  the  academic  department  of  courses  of  instruction  by 
which  students  may  anticipate  a  part  of  their  professional  work  and 
the  permission  to  count  the  first  year  of  a  professional  course  as  the 
fourth  year  for  the  bachelor's  degree.  The  first  and  most  radical 
method  meets  with  strenuous  opposition  owing  to  the  deeply 
rooted  traditions  which  surround  the  four  years'  academic  course 
in  this  country,  while  the  other  plans  violate  what  in  some  colleges 
seems  to  be  regarded  as  an  educational  axiom,  that  one  course  of 
study  should  not  count  toward  two  degrees.  It  is  interesting  to 
notice  that,  without  any  specific  legislation  to  this  end,  the  quiet 
working  of  the  elective  system  has  in  Harvard  College  practically 
solved  the  problem  by  bringing  about  a  condition  in  which,  as 
President  Eliot  says,*  "Any  young  man  of  fair  abilities  can  now 
procure  the  degree  in  three  years  without  hurry  or  overwork,  if  he 
wishes  to  do  so  or  his  parents  wish  to  have  him."  The 
President  further  ventures  to  predict  that  "within  a  time  compara- 
tively short  the  majority  of  those  who  enter  the  freshman  class  will 
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come  to  college  with  the  purpose  of  completing  the  requirement  for 
the  degree  in  three  years."  As  soon  as  a  three  years'  residence 
becomes  the  rule  rather  than  the  exception,  a  young  man  spending 
four  years  in  college  will  of  course  be  regarded  either  as  deficient  in 
mental  capacity  or  as  having  wasted  his  time. 

That  a  reduction  of  the  academic  course  to  three  years  is  an 
advantage  to  students  looking  forward  to  a  professional  career  or 
to  further  study  in  a  graduate  school,  is  too  obvious  to  need  dis- 
cussion, but  it  is  interesting  to  find  the  change  advocated  in  the 
interest  of  the  undergraduates  themselves.  Prof.  Clement  L. 
Smith,  for  nine  years  Dean  of  Harvard  College,  points  out^  that 
there  is  a  large  and  influential  class  of  college  men  who  get  into 
the  habit  of  frittering  away  their  time  simply  because  they  have 
so  much  of  it  and  that  "for  them  and  for  those  whom  they  influence 
— and  these  men  make  up  the  largest  part  of  the  class  we  are  now 
considering,  the  men  who  go  from  college  into  active  life — the 
reduction  of  the  course  would  be  a  distinct  gain."  Xor  need  we 
fear  (as  has  sometimes  been  urged)  that,  in  thus  reducing  the 
length  of  the  college  course,  we  shall  lose  the  fourth  and  most 
valuable  year,  for,  as  Professor  Smith  says,  "The  senior  year  is  the 
best  year,  not  because  it  is  the  fourth,  but  because  it  is  the  last 
year.  The  causes  which  make  it  what  it  is  come  from  before,  not 
from  behind;  from  the  consciousness  of  opportunity  passing  away 
and  of  the  serious  problems  of  life  close  at  hand.  The  period  of 
waste  lies  between  the  fresh  zeal  and  good  resolutions  with  which 
the  youth  begins  his  course  and  the  growing  sense  of  responsibility 
with  which  he  draws  near  its  close.  It  is  this  intermediate  period 
that  would  be  shortened  in  the  briefer  course.  It  is  not  the  senior 
year  that  would  be  cut  ofT;  it  is  rather,  let  us  say,  the  sophomore 
year,  and  with  it  might  well  go  its  absurd  name."  It  thus  appears 
that  the  claims  of  the  college  and  of  the  professional  school  upon 
the  time  of  the  student  are  in  a  fair  way  to  be  harmoniously 
adjusted. 

The  Elective  System. 

Let  us  now  consider  in  what  way  the  medical  school  of  the 
immediate  future  is  likely  to  differ  from  that  of  the  present  time 
with  regard  to  the  subject-matter  of  instruction.  The  most  strik- 
ing phenomenon  presenting  itself  to  the  educator  of  to-day  is  the 
recent  enormous  widening  of  the  educational  horizon.  "The 
immense  deepening  and  widening  of  human  knowledge  in  the  nine- 
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teenth  century  and  the  increasing  sense  of  the  sanctity  of  the 
individual's  gifts  and  will  power"*  are  the  fundamental  facts  which 
underlie  the  development  of  the  elective  system,  but  it  is  important 
to  bear  in  mind  that,  as  Professor  Smith  observes,®  this  develop- 
ment has  been  "due  not  so  much  to  the  increase  of  knowledge — 
for  not  all  new  knowledge  is  straightway  fit  for  educational  pur- 
poses— but  rather  to  the  conversion  of  new  fields  of  knowledge  to 
the  uses  of  education.'' 

A  discussion  of  the  elective  system  of  education  with  its  attendant 
advantages  and  dangers  would  require  far  more  time  than  I  have  at 
my  disposal,  and  I  must  content  myself  with  pointing  out  the 
possibility  that,  in  this  period  of  transition,  the  educational  pendu- 
lum may  have  swung  to  an  extreme  position  and  that  too  much 
attention  has  been  given  to  the  accidental  differences  of  pupils, 
while  the  essential  similarity  of  their  natures  has  been  lost  sight  of. 
In  discussions  on  individuality  as  a  basis  for  the  elective  system 
one  sometimes  hears  the  statement  (attributed  to  Leibnitz)  that  no 
two  leaves  of  the  same  tree  are  alike.  This  dissimilarity,  however, 
does  not  prevent  them  from  all  elaborating  the  same  sap,  and  it  is 
moreover,  always  associated  with  sufficient  essential  similarity  to 
enable  any  one,  with  even  the  most  elementary  knowledge  of  trees, 
to  distinguish  the  leaves  of  an  oak  from  those  of  a  maple. 

While  admitting  that  some  of  the  extreme  positions  now  main- 
tained by  the  advocates  of  the  elective  system  may  in  the  future 
have  to  be  abandoned,  no  one  can  doubt  the  wisdom  of  adapting 
the  education  to  the  powers  of  the  mind  to  be  educated  and  of 
allowing,  in  the  case  of  advanced  students,  the  choice  of  the  indi- 
vidual to  be  a  determining  factor  in  the  selection  of  studies.  Let 
us,  therefore,  inquire  to  what  extent  the  elective  system  may 
properly  find  a  place  in  the  curriculum  of  our  medical  schools. 
That  it  forms  an  essential  feature  of  our  post-graduate  schools  of 
medicine  scarcely  needs  to  be  mentioned,  for  these  schools  have 
been  organized  for  the  express  purpose  of  enabling  graduates  in 
medicine  to  select  such  subjects  for  study  as  may  seem  to  them 
desirable  and  to  acquire  more  advanced  knowledge  than  was 
possible  in  the  undergraduate  course.  Moreover,  in  some  of  our 
larger  schools,  since  the  establishment  of  the  compulsory  four 
years'  course,  a  portion  of  the  instruction  of  the  fourth  year  has 
been  given  in  elective  courses  in  various  specialties.  The  elective 
system  in  medicine  is,  therefore,  not  altogether  a  novelty,  and  the 
question  now  before  us  is  whether  it  may  be  profitably  extended  to 
the  earlier  years  of  the  course. 
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In  his  remarks  at  the  dinner  of  the  Harvard  Medical  Alumni 
Association  in  1895,  President  Eliot  used  the  following  language: 
"There  ought  to  be  in  the  Harvard  Medical  School  an  extended 
instruction  far  beyond  the  limits  of  any  one  student's  capacity. 
This  involves,  of  course,  some  optional  or  elective  system  within 
the  school  itself,  whereby  the  individual  student  should  take  what 
is,  for  him,  the  best  four  years'  worth,  the  faculty  supplying 
teaching  which  it  might  take  a  single  student  eight,  twelve  or  twenty 
years  to  pursue."^'' 

One  year  ago  last  December,  in  an  address  which  I  had  the 
honor  to  deliver  in  New  York  before  the  American  Society  of 
Naturalists,^^  I  gave  the  reasons  which  seemed  to  me  conclusive  in 
favor  of  this  extension  of  the  elective  system,  and,  with  your  per- 
mission, I  will  take  the  liberty  of  presenting  as  briefly  as  possible 
the  views  there  set  forth. 

In  the  first  place,  it  may  be  assumed  that  a  medical  school  of  the 
first  rank  should  be  an  institution  in  which  the  most  advanced 
instruction  in  all  departments  of  medicine  can  be  obtained,  and  on 
this  assumption  it  is,  of  course,  impossible  to  arrange  a  course  of 
study  that  every  student  must  follow  in  all  its  details,  for,  in  the 
time  which  may  properly  be  devoted  to  a  course  of  professional 
study,  it  is  quite  impossible  for  even  the  most  intelligent  students 
to  assimilate  all  the  varied  information  which  such  a  school  may 
be  reasonably  expected  to  impart. 

It  seems,  therefore,  to  be  evident  that  in  arranging  a  course  of 
medical  study  a  distinction  must  be  made  between  those  subjects 
which  it  is  essential  that  every  student  should  know  and  those  sub- 
jects which  it  is  desirable  that  certain  students  should  know,  that  is, 
between  those  things  of  which  no  man  who  calls  himself  a  physician 
can  afford  to  be  ignorant  and  those  which  are  important  for  certain 
physicians  but  not  for  all;  in  other  words,  provision  must  be  made 
both  for  required  and  for  elective  studies.  The  task  of  drawing 
the  line  between  the  essential  and  the  desirable  in  medical  education 
will  require  the  greatest  possible  good  judgment  and  readiness  for 
mutual  concession  on  the  part  of  those  engaged  in  the  work,  but 
there  is  no  reason  to  fear  that  the  difficulties  will  be  found  insuper- 
able wheii  the  importance  of  the  change  has  once  been  recognized. 

Any  one  who  is  familiar  with  the  existing  methods  of  medical 
instruction  is  aware  that  in  nearly  every  department  many  things 
are  taught  which  are  subsequently  found  to  be  of  use  to  only  a 
fraction   of  those   receiving  the   instruction.     Thus,   the   surgical 
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anatomy  of  hernia  is  taught  to  men  who  will  subsequently  devote 
themselves  to  dermatology,  future  obstetricians  are  required  to 
master  the  details  of  physiological  optics,  and  the  microscopical 
anatomy  of  muscles  forms  a  part  of  the  instruction  of  men  destined 
to  a  career  as  alienists.  Now  no  one  can  doubt  the  propriety  of 
including  instruction  on  all  these  subjects  in  the  curriculum  of  a 
medical  school,  but  it  may  be  fairly  questioned  whether  every 
student  should  be  forced  to  take  instruction  in  them  all. 

To  better  indicate  the  nature  of  the  reform  which  I  am  advocat- 
ing, allow  me  to  describe  a  possible  arrangement  of  a  course  of 
study  in  the  department  of  physiology,  with  which  I  am  of  course 
more  familiar  than  with  any  other.  An  experienced  lecturer  will 
probably  find  it  possible  to  condense  into  a  course  of  about  forty 
or  fifty  lectures  all  the  most  important  facts  of  physiology  with 
which  every  educated  physician  must  necessarily  be  familiar. 
Attendance  upon  these  lectures,  combined  with  suitable  courses  of 
text-book  instruction  and  laboratory  work,  would  suffice  to  guard 
against  gross  ignorance  of  physiological  principles.  In  addition 
to  this  work,  all  of  which  should  be  required,  short  courses,  of  not 
more  than  eight  or  ten  lectures  each,  should  be  provided,  giving 
advanced  instruction  in  such  subjects  as  the  physiology  of  the 
special  senses,  cerebral  localization,  nerve-muscle  physiology,  the 
internal  secretion  of  glands,  the  physiology  of  the  heart,  circulation 
and  respiration,  the  digestive  secretions,  the  reproductive  organs, 
etc.  These  courses  should  be  elective  in  the  sense  that  no  student 
should  be  required  to  take  them  all.  Each  student  might,  how- 
ever, very  properly  be  required  to  choose  a  certain  number  of 
courses,  which  when  once  chosen  become,  for  the  student  choosing 
them,  required  courses  leading  to  examinations.  There  is,  in  my 
opinion,  no  doubt  that  an  arrangement  of  instruction  similar  to  that 
here  suggested  for  physiology  could  be  advantageously  adopted  in 
the  departments  of  anatomy,  histology,  bacteriology,  medical 
chemistry,  pathology,  surgery,  and  in  the  courses  of  instruction  in 
the  various  special  diseases,  such  as  dermatology,  ophthalmology, 
etc. 

In  the  existing  state  of  medical  education  the  introduction  of  the 
elective  system  in  some  form  or  other  seems  to  be  an  essential  con- 
dition to  any  further  important  advance,  for  the  curriculum  of  most 
of  our  schools  is  already  so  crowded  that  no  considerable  amount 
of  instruction  can  possibly  be  added.  Various  arguments  may,  of 
course,  be  advanced  in  opposition  to  the  change.     It  may  perhaps 
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be  urged  that  no  choice  of  studies  can  be  made  without  determining 
to  some  extent  the  direction  in  which  the  work  of  a  future  practi- 
tioner is  to  be  speciaHzed,  and  that  such  specialization  cannot  be 
properly  and  safely  permitted  until  the  student  has  completed  his 
medical  studies.  To  this  it  may  be  answered  that,  whatever  may 
be  the  dangers  of  too  early  specialization,  the  dangers  of  crowding 
the  medical  course  with  instruction  of  which  many  students  do  not 
feel  the  need,  and  of  thus  encouraging  perfunctory  and  superficial 
work,  are  certainly  no  less  serious.  It  is,  moreover,  a  matter  of 
common  observation  among  teachers  in  medical  schools  that  a 
certain  number  of  students  very  early  make  up  their  minds  either 
that  they  will  become  surgeons,  obstetricians,  or  specialists  of  some 
sort,  or,  on  the  other  hand,  that  they  have  a  strong  aversion  to 
certain  branches  of  medicine  and  a  determination  never  to  practice 
them.  For  such  students  a  prescribed  curriculum  necessarily 
involves  great  loss  of  time  and  energy. 

If  it  be  said  that  under  this  system  the  medical  degree  will  cease 
to  have  the  definite  meaning  now  attached  to  it,  and  that  it  will 
be  impossible  to  tell  from  his  diploma  in  what  way  a  physican  has 
been  educated,  it  may  be  replied  that,  though  the  degrees  of  A.B., 
A.M.,  Ph.D.  and  S.D.  are  affected  with  exactly  this  same  uncer- 
tainty of  signification,  their  value  seems  in  no  way  diminished 
thereby.  As  long  as  the  M.D.  degree  stands  for  a  definite  amount 
of  serious  work  on  medical  subjects,  we  may  be  reasonably  sure 
that  those  who  hold  it  will  be  safe  custodians  of  the  health  of  the 
community  in  which  they  practice. 

If  it  be  urged  that  the  elective  system  in  medical  education  will 
lead  to  the  production  of  a  class  of  physicans  who,  owing  to  the 
early  specialization  of  their  work,  will  be  inclined  to  overrate  the 
importance  of  .their  specialty  and  to  see  in  every  disease  an 
opportunity  for  the  display  of  their  special  skill,  it  may  be  pointed 
out  that  this  result  is  apt  to  be  due  not  so  much  to  early  as  to 
imperfect  instruction  in  the  work  of  a  specialist,  and  that  since  the 
elective  system  tends  to  encourage  thoroughness  in  special  instruc- 
tion, the  evil  may  be  expected  to  diminish  rather  than  to  increase. 

Methods  of  Instruction. 

Having  thus  recognized  the  necessity  of  remodelling  our  con- 
ception of  the  subject-matter  to  be  taught,  and  noted  the  importance 
of  distinguishing  between  the  essential  and  the  desirable  in  medical 
education,  we  must  next  consider  by  what  methods  the  needed 
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information  may  be  best  imparted  and  the  necessary  training 
secured.  There  is  perhaps  no  way  in  which  modern  educational 
methods  differ  more  from  those  of  an  earher  period  than  in  the 
greater  prominence  given  to  object  lessons.  Beginning  with  the 
kindergarten,  the  child  is  trained  to  cultivate  his  power  to  observe 
accurately  and  to  manipulate  skilfully,  and  through  his  school  and 
college  life  prominence  is  given  to  the  objective  side  of  education 
to  an  extent  which  would  have  seemed  to  the  book-trained  peda- 
gogues of  a  former  generation  but  ill  adapted  to  provide  the 
well-stored  mind  which  it  was  thought  to  be  the  principal  object  of 
education  to  secure.  In  the  professional  schools  also  the  reaction 
against  purely  didactic  methods  has  been  strongly  felt.  Even  in 
those  professional  pursuits  to  which  the  object  method  might  seem 
at  first  sight  least  applicable,  in  the  study  of  the  law,  the  so-called 
"case  method"  of  instruction  has  been  found  to  exert  a  vivifying 
influence. 

In  medical  education  in  this  country  it  is  interesting  to  note  that 
in  the  very  beginning  the  instruction  was  more  objective  in  its 
character  than  at  a  somewhat  later  period.  In  those  early  days 
it  was  in  the  office  of  his  preceptor  and  at  the  bedside,  as  his  actual 
assistant,  that  the  embryo  physician  was  initiated  into  the  mysteries 
of  his  calling.  Then  followed  a  period  when  it  was  clearly  per- 
ceived that  the  trained  mind  is  necessary  to  interpret  the  data  of 
observation,  and  that  mental  training  is  essential  to  correct  observ- 
ing. Hence  schools  were  established  to  provide  this  training  by 
means  of  systematic  didactic  lectures  covering  all  the  departments 
of  medicine  and  usually  extending  over  not  more  than  four  months. 
These  schools  were  intended  at  first  merely  to  supplement  the  work 
of  the  preceptors,  but  in  process  of  time  the  relative  importance 
of  these  two  educational  agencies  was  reversed  and  the  work  of  the 
preceptors  became  supplementary  to  that  of  the  schools.  The 
function  of  the  preceptors  finally  became  so  subordinate  that  their 
names  no  longer  appeared  in  the  catalogues,  though  this  did  not 
always  indicate  that  they  had  ceased  to  afford  students  opportuni- 
ties for  practical  clinical  work.^^ 

The  schools,  once  established,  grew  chiefly  by  an  increase  in  the 
length  and  number  of  the  lecture  courses  as  new  and  important 
subjects  forced  themselves  upon  the  attention  of  the  medical  pro- 
fession. Against  this  undue  extension  of  purely  didactic  methods 
of  instruction  a  reaction  has  now  set  in,  and  during  the  last  ten 
or  fifteen  years  loud  voices  have  been  raised  in  advocacy  of  more 
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objective  methods  than  those  at  present  in  use.  It  is  not,  however, 
the  reinstatement  of  the  preceptor  that  is  urged,  but  rather  the 
greater  use  of  laboratory''  methods  in  the  strictly  scientific  depart- 
ments of  medical  instruction  and  their  application  as  far  as  possible 
at  the  bedside  of  the  patient.  A  fruitful  discussion  of  the  relative 
advantages  of  the  laboratory,  the  lecture  and  the  text-book  as 
methods  of  medical  education  cannot  be  undertaken  without  a 
recognition  of  the  fact  that  this  education  has  a  double  object. 
In  the  first  place,  the  faculties  of  the  student  are  to  be  so  trained 
that  he  may  observe  carefully,  reason  correctly,  study  effectively 
and  judge  wisely;  in  other  words,  he  is  to  be  "trained  for  power," 
to  use  President  Eliot's  phrase.  In  the  second  place,  there  must 
be  imparted  to  him  a  sufficiently  large  fraction  of  the  acquired 
medical  knowledge  of  the  time  to  make  him  a  safe  custodian  of 
the  health  of  the  community.  Which  of  these  two  objects  is  the 
more  important  is  a  question  which  we  need  not  now  discuss,  but 
even  if  we  grant  all  that  is  claimed  by  the  advocates  of  training 
for  power,  it  is  evident  that  the  constantly  increasing  range  of  sub- 
jects with  regard  to  which  an  educated  physician  must  be  informed 
will  greatly  reduce  the  time  which,  in  the  curriculum  of  a  medical 
school,  may  properly  be  devoted  to  courses  of  instruction  not 
intended  to  impart  direct  and  valuable  information.  In  fact,  "train- 
ing for  power"  should  be  largely  a  function  of  the  academic 
department  of  a  university,  and  when  undertaken  in  a  professional 
school  should  be  so  directed  as  to  impart  at  the  same  time  the 
greatest  possible  amount  of  useful  information. 

Let  us  now  consider  how  far  the  didactic  and  the  laboratory 
methods  of  instruction  are  each  adapted  to  secure  these  two  objects 
of  medical  education.  For  the  purpose  of  training  for  power  no 
one  can  doubt  the  value  of  the  laborator)^  method.  Contact  with 
the  phenomena  themselves  and  not  with  descriptions  of  them  has  a 
stimulating  effect  upon  the  mind  of  a  student,  the  importance  of 
which  it  is  difficult  to  exaggerate,  but  it  does  not  follow  from  this 
that  the  lecture,  the  recitation  and  the  text-book  are  worthless  as 
methods  of  training.  It  is  here  that  some  of  the  advocates  of 
laboratory  methods  have  committed  what  appears  to  me  a  serious 
error,  such  as  is  too  apt  to  characterize  all  reform  movements,  the 
error,  namely,  of  assuming  that,  because  one  proposition  is  true, 
another  proposition,  not  logically  inconsistent  with  it,  must  be 
untrue.  "These  gentlemen,"  as  Professor  Howell"  has  expressed 
it,  "having  become  possessed  of  the  golden  truth  that  the  best 


112  THE    MEDICAL   SCHOOL   OF   THE    FUTURE. 

knowledge  is  that  which  comes  from  personal  experience,  seem 
disposed  to  deny  all  value  to  knowledge  communicated  from  the 
experience  of  others/'  We  are  told,  for  instance,  by  Dr.  Burr^* 
that  the  didactic  lecture  "dates  from  the  time  when  printing  was 
unknown  and  manuscripts  were  rare  and  almost  priceless  and  the 
only  means  of  communicating  knowledge  was  by  word  of  mouth. 
To-day  it  is  in  large  part  an  anachronism,  because  the  time  devoted 
to  it  could  be  put  to  better  uses." 

In  his  able  address-^  at  the  Yale  University  Medical  Commence- 
ment, my  colleague.  Dr.  C.  S.  ^linot,  expressed  himself  as  follows: 
"The  very  best  that  can  be  said  of  a  lecture  or  a  book  is  that  it 
describes  well  the  knowledge  which  some  one  possesses.  There  is  no 
knowledge  in  books  ...  A  book  or  a  lecture  can  serve  only  to 
assist  a  man  to  acquire  knowledge  with  lessened  loss  of  time. 
Knowledge  lives  in  the  laboratory;  when  it  is  dead  we  bury  it 
decently  in  a  book.  ...  A  lecture  is  a  spoken  book."  I  ven- 
ture to  believe  that  Professor  Minot's  students  will  hardly  agree 
with  this  estimate  of  the  lifeless  character  of  either  his  written  or 
his  spoken  instruction. 

In  place  of  these  rather  disparaging  views  of  the  importance  of 
a  didactic  lecture,  I  am  inclined  to  accept  Dr.  Weir  jMitchell's^^ 
opinion  that  "The  best  lecturing  does  not  so  much  think  for  you 
as  invite  you  to  think  along  suggested  lines  of  inquiry."  If,  as 
has  been  claimed,  "the  passive  attitude  of  listening  does  not  demand 
of  the  students  intelligent  thought,"^"  the  fault  must  lie  with  the 
lecturer  and  not  with  the  method  of  instruction.  In  every  depart- 
ment of  medicine  advanced  instruction  necessarily  deals  with 
subjects  which  lie  within  what  Foster  has  called  the  "penumbra" 
of  solid  scientific  acquisition  and  about  which  conflicting  views  are 
therefore  certain  to  be  held.  It  is  in  inviting  thought  with  regard 
to  the  evidence  on  which  these  views  rest  that  the  experienced 
lecturer  has  his  best  opportunity  to  train  the  minds  of  his  hearers. 
Other  opportunities  are  also  afforded  by  the  historical  presentation 
of  subjects  about  which  differences  of  opinion  no  longer  exist,  for 
there  are  few  things  more  instructive  than  to  follow  up  step  by 
step  the  lines  by  which  our  knowledge  has  advanced,  noting  the 
marks  which  distinguish  the  paths  which  have  been  trodden  suc- 
cessfully from  those  which  have  turned  out  to  be  "no  thoroughfare." 
Even  better  opportunities  for  mental  training  than  those  which 
the  lecture-room  presents  are  afforded  by  the  recitation,  for  here 
the  minds  of  the  teacher  and  the  pupil  are  brought  most  closely 
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into  contact,  the  pupil's  difficulties  are  appreciated  by  the  instructor 
and  the  point  of  view  of  the  teacher  can  be  learned  by  the  pupil. 
It  has  always  seemed  to  me  that  no  higher  enjoyment  falls  to  the 
lot  of  the  teacher  than  that  which  he  experiences  when,  by  a 
series  of  carefully  considered  questions,  he  leads  his  pupil  onward 
from  the  known  to  the  unknown  and  notes  the  gleam  of  intelligence 
which  illumines  his  countenance  as  a  subject,  previously  obscure, 
becomes  clear,  as  a  result  of  his  own  mental  operations  guided  by 
his  teacher's  skillful  questions.  It  thus  appears  that  no  monopoly 
of  opportunities  for  mental  training  can  be  claimed  for  the  labora- 
tory method  of  instruction. 

We  must  next  inquire,  what  are  the  relative  advantages  of  the 
laboratory  and  didactic  methods  as  means  of  imparting  information? 
Here  we  at  once  perceive  that  a  great  deal  will  depend  upon  the 
kind  of  information  to  be  imparted.  Certain  subjects  are  much 
better  adapted  than  others  to  be  taught  in  the  laboratory.  The 
student  of  anatomy,  for  instance,  can  secure  the  greater  part  of 
the  information  which  he  needs  by  laboratory  methods,  that  is,  in 
the  dissecting  room,  though  a  short  course  of  lectures  on  descriptive 
anatomy  in  which  an  experienced  teacher  emphasizes  the  salient 
features  of  the  subject  will  probably  always  be  indispensable. 
Physiology  and  pathology  (including  physiological  chemistry, 
pharmacolog}'  and  bacteriology)  are  subjects  in  which  laboratory 
instruction  may  be  unquestionably  much  more  freely  used  than  is 
customary  at  the  present  time.  The  recent  experience  of  the 
Harvard  Medical  School,  in  which  the  laboratory  courses  in  these 
subjects  have  been  greatly  extended,  has  furnished  conclusive 
evidence  of  the  value  of  this  method  of  instruction  as  a  means  both 
of  imparting  information  and  of  stimulating  the  mind  of  the  student. 
It  must  be  remembered,  however,  that,  as  Dr.  Welch^®  has  said, 
"laboratory  methods  are  extremely  time-taking  and  are  not  adapted 
to  teach  the  whole  contents  of  any  of  the  medical  sciences.  It  is, 
of  course,  hopeless  to  attempt  to  demonstrate  practically  all  of  even 
the  more  important  facts  that  the  student  should  learn." 

Moreover,  observed  facts  are  often  apparently  inconsistent  with 
each  other.  Equally  competent  observers  differ  in  their  interpre- 
tation of  them.  Yet,  because  the  last  word  of  science  has  not 
been 'spoken  on  these  subjects,  it  would  be  a  mistake  to  exclude 
them  from  the  medical  curriculum.  The  student  should  rather  be 
carefully  instructed  as  to  researches  which  have  not  yet  yielded 
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definite  results.  The  most  probable  way  of  reconciling  conflicting 
observations  should  be  pointed  out,  and  he  should  be  shown  in 
what  direction  the  search  for  truth  can  be  prosecuted  with  the 
best  prospect  of  success.  He  will  then  be  able  to  appreciate  the 
value  of  new  observations  and  to  assign  to  their  true  position  the 
reported  discoveries  in  medical  science. 

Instruction  of  this  sort  can,  of  course,  be  given  only  by  an 
experienced  lecturer  who  has  mastered  the  subject  of  which  he 
treats.  It  is  in  this  kind  of  teaching  and  in  the  exposition  of  those 
facts  and  principles  which  cannot  properly  be  made  the  subject  of 
laboratory  instruction  to  students,  that  the  didactic  lecture  of  the 
future  will  probably  find  its  principal  field  of  usefulness.  In  the 
latter  direction,  however,  the  field  is  more  restricted  than  might 
at  first  sight  appear,  for  the  amount  of  practical  work  that  can  be 
successfully  performed  by  first  and  second  year  students  in  a 
physiological  or  in  a  pathological  laboratory  is  surprisingly 
large.  In  the  physiological  department  of  the  Harvard  Medi- 
cal School,  for  instance,  during  the  current  academic  year, 
each  pair  of  students  in  a  class  of  one  hundred  and  eighty  has 
been  furnished  with  a  kymographion,  a  capillary  electrometer,  a 
moist  chamber,  an  induction  coil,  unpolarizable  electrodes,  etc., 
and  the  most  important  experiments  of  nerve-muscle  physiology 
have  been  successfully  repeated.  The  fundamental  experiments 
in  the  physiology  of  the  circulation,  respiration,  etc.,  are  to  be 
performed  in  a  similar  manner.  In  the  pathological  laboratory  the 
students,  working  in  sections  of  ten,  have  had  an  opportunity  of 
producing  for  themselves  and  studying  experimentally  the  most 
important  pathological  degenerations.  They  have  also  studied  in 
the  same  way  the  principal  infectious  diseases.  In  the  anatomical 
department  also,  while  the  number  of  didactic  lectures  has  been 
diminished,  the  whole  class  has  had  largely  increased  facilities  for 
the  practical  study  of  bones  and  of  various  special  organs. 

Still,  after  making  due  allowance  for  the  legitimate  expansion  of 
laboratory  teaching,  it  is  probably  safe  to  say  that  a  systematic 
course  of  lectures  in  each  of  the  medical  sciences  will  never  be 
found  to  be  superfluous,  and  that  the  day  is  probably  far  distant 
when  the  lectures  will  be  merely  "explanatory  of  the  experi- 
ments."^» 

We  have  thus  far  considered  the  relative  advantages  of  didactic 
and  laboratory  methods  in  teaching  the  medical  sciences,  but  the 
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agitation  in  favor  of  more  objective  teaching  has  extended  also  to 
the  clinical  departments  of  medicine  and  the  organization  of 
"clinical  laboratories,"  in  which  the  cases  of  hospital  patients  may 
be  studied  by  the  most  refined  methods  of  physiological  and  patho- 
logical research,  is  a  natural  outcome  of  this  agitation.  In  fact, 
however,  so  far  as  instruction  is  actually  given  at  the  bedside, 
clinical  medicine  has  always  been  taught  by  means  of  object  lessons. 
In  many  of  our  schools  this  instruction  has  been  supplemented  by 
so-called  "conferences,"  exercises  in  which  a  student  reports  before 
the  class  a  case  which  he  has  himself  examined,  giving  diagnosis, 
prognosis  and  treatment.  The  subject  is  then  discussed  by  the 
class  and  finally  by  the  instructors. 

Wherever  actual  cases  of  disease  are  thus  utilized  for  teaching 
purposes  the  instruction  is  always  likely  to  be  more  or  less  hap- 
hazard arid  unsystematic,  for  the  diseases  studied  will  be  those  of 
which  actual  cases  happen  to  be  available.  To  remedy  this  diflEiculty 
it  has  been  recently  proposed-"  to  substitute  the  study  of  hospital 
records  of  cases  for  the  examination  of  the  cases  themselves,  a 
method  quite  analogous  to  that  known  as  the  "case  method."  which 
has  long  been  used  with  great  success  in  training  students  in  the 
Harvard  Law  School.  It  will  thus  be  possible  to  group  cases  so 
that  they  will  throw  light  upon  each  other  and,  though  the  student 
will  miss  the  stimulus  of  contact  with  the  actual  patient,  the  method 
presents  so  many  distinct  advantages  that  it  will  doubtless  commend 
itself  to  many  teachers  of  clinical  medicine  and  of  theory  and 
practice. 

It  is  thus  evident  that  the  reaction  against  purely  didactic 
methods  of  instruction  is  well  under  way.  It  is  a  movement  to  be 
heartily  welcomed,  for  there  can  be  no  doubt  that  medical  students 
have  been,  and  still  are,  too  much  lectured,  but,  like  all  other 
reforms,  it  should  be  carefully  guided  lest  useful  as  well  as  useless 
things  be  swept  away.  It  should  be  borne  in  mind  that  it  is  quite 
as  easy  to  abuse  the  laboratory  as  the  didactic  method  of  instruction 
and  that  in  all  schemes  of  education  a  good  teacher  with  a  bad 
method  is  more  effective  than  a  bad  teacher  with  a  good  method. 
As  Professor  HowelP^  has  well  remarked,  "Courses  of  lectures 
that  if  analyzed  would  be  found  to  be  top-heavy  and  lop-sided  and 
otherwise  possessed  of  an  instability  that  should  have  ensured 
failure,  have  been  saved  and  made  instruments  of  great  value  by  the 
mere  earnestness  of  the  teacher." 
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Distribution  of  Work. 

The  next  question  which  I  shall  ask  you  to  consider  is  that  of 
the  proper  distribution  of  the  work  of  a  medical  student.  Thirty 
years  ago  no  such  question  seems  to  have  presented  itself  to  the 
minds  of  instructors  in  medicine.  The  medical  faculties  of  that 
time  contented  themselves  with  providing  each  year  courses  of 
lectures  covering  all  the  departments  of  medicine,  as  they  were  then 
understood,  and  every  student  was  expected  to  attend  as  many 
of  the  lectures  as  he  saw  fit.  Between  1870  and  1880  the  fact 
that  there  is  a  natural  sequence  in  medical  studies  became  generally 
recognized  and  graded  courses  of  instruction  were  established  in 
the  principal  medical  schools  of  the  country.  The  grading  was  not, 
however,  carried  sufficiently  far.  Thus,  instruction  in  both  anatomy 
and  physiology  was  generally  given  simultaneously  through  the 
whole  of  the  first  year,  though  the  knowledge  of  structure  should 
logically  precede  a  study  of  function. 

The  time  seems  now  to  have  come  for  taking  another  step  in 
grading  medical  instruction,  and  during  the  academic  year  now 
drawing  to  a  close  instruction  in  the  Harvard  Medical  School  has 
been  given  in  accordance  with  a  plan  of  which  the  guiding  principles 
are  concentration  of  work  and  sequence  of  subjects.  Thus  in  the 
first  half  of  the  first  year  the  students  devote  themselves  exclusively 
to  the  study  of  anatomy,  including  histology  and  embryology.  In 
the  second  half-year  they  are  occupied  with  physiology,  including 
physiological  chemistry,  while  in  the  first  half  of  the  second  year 
pathology,  including  bacteriology,  engages  their  attention.  It  is 
perhaps  too  early  to  pass  a  final  judgment  upon  the  value  of  the 
method,  but  thus  far  both  teachers  and  students  seem  to  regard 
it  as  a  success.  The  result  seems  to  have  justified  the  opinion  of 
its  advocates  that  the  work  of  the  student  would  be  made  "easier 
by  concentrating  his  thoughts  upon  one  subject  instead  of  dissi- 
pating his  attention  upon  many  subjects."-^  Nor  have  its  oppo- 
nents found  any  justification  for  their  fears  that  the  average  brain 
would  become  fatigued  and  unreceptive  by  too  close  application  to 
one  subject,  for  the  sciences  of  anatomy,  physiology  and  pathology 
"are  not  narrow,  hedged-in  areas,  but  rather  broad  and  diversified 
domains  composed  of  many  contiguous  fields,"^*  in  passing  from 
one  to  another  of  which  the  student  may  rest  his  mind  without 
interrupting  the  continuity  of  effort  essential  to  effective  work. 

An  obvious  objection  to  this  method  of  concentrating  instruction 
is  the  large  amount  of  work  which  it  imposes  upon  the  instructors. 


THE  MEDICAL   SCHOOL   OF  THE   FUTURE.  117 

There  is  no  doubt  that  the  labor  of  teaching  every  day  in  the  week 
may  task  the  powers  of  even  the  most  enthusiastic  instructor,  but 
it  has  been  found  that  the  laboratory  work,  which  has  occupied 
from  two  to  three  hours  every  forenoon,  has  been  conducted  with 
much  less  fatigue  than  was  anticipated.  In  fact,  students,  when 
supplied  with  printed  directions  for  work  and  with  the  necessary 
apparatus,  need  remarkably  little  supervision.  In  the  physiological 
laboratory  it  was  found  that  one  instructor  could  readily  supervise 
the  work  of  fifteen  pairs  of  students,  and  the  experience  in  the 
anatomical  and  pathological  departments  was  of  a  similar  sort. 

Examinations. 

Closely  connected  with  the  questions  of  method  of  instruction 
and  of  distribution  of  work  is  the  subject  of  examinations.  With 
regard  to  these  tests  of  our  educational  methods,  opinions  vary  even 
more  widely  than  with  regard  to  the  methods  themselves.  There 
is  only  one  point,  as  Professor  Exner  has  remarked,  on  which 
teachers  are  practically  united,  and  that  is  "that  an  examination  is 
a  necessary  evil."  Every  examiner  knows  only  too  well  that  an 
examination  is  but  a  very  imperfect  test  of  knowledge,  but  few 
are  ready  with  any  suggestion  of  a  substitute.  Much  of  the  con- 
fusion which  prevails  in  the  discussion  of  this  subject  would  be 
removed  if  the  objects  to  be  secured  by  an  examination  were  more 
clearly  apprehended.  Professor  Exner^*  points  out  that  examina- 
tions may  be  broadly  divided  into  two  classes,  namely,  the  Control- 
priifung,  to  test  the  faithfulness  with  which  the  student  has  per- 
formed his  daily  tasks,  and  the  Reifcpriifimg,  to  determine  the 
amount  of  his  permanently  acquired  knowledge  of  medical  subjects. 

The  examination  which,  at  the  end  of  the  year,  covers  the  whole 
ground  of  the  twelve  months'  instruction,  and  which  is  so  common 
in  our  schools,  belongs  to  neither  of  these  two  classes  and  is  really 
a  concession  to  a  very  natural  wish  of  the  students  to  get  the 
examination  "out  of  the  way"  while  the  subject  is  still  fresh  in  their 
minds.  Having  little  justification  from  an  educational  point  of 
view,  we  may  hope  to  see  it  abandoned  when  the  extension  of 
laboratory  methods  provides  in  the  note-book  and  graphic  records 
of  each  student  the  evidence  of  his  daily  work  and  thus  either 
renders  a  further  examination  unnecessary  or  prepares  the  way 
for  a  final  test  of  his  fitness  to  receive  his  diploma  of  J^I.D. 
Whether  the  written  or  the  oral  examination  affords  the  better 
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method  of  applying  this  test  is  a  question  about  which  opinions 
vary.  The  fact  that  some  persons  can  write  more  readily  than  they 
can  talk,  while  others  can  talk  more  readily  than  they  can  write, 
seems  to  be  a  reason  for  providing  a  mixed  method  of  examina- 
tion in  which  each  individual  may  have  an  opportunity  of  appearing 
to  the  best  advantag-e. 


Conclusions. 

If  the  views  here  presented  are  Vv'ell  founded,  we  may  expect 
that  a  medical  school  of  the  first  rank  will  in  the  immediate  future 
be  organized  and  administered  somewhat  as  follows: 

(i)  It  will  be  connected  with  a  university,  but  will  be  so  far 
independent  of  university  control  that  the  faculty  will  practically 
decide  all  questions  relating  to  methods  of  instruction  and  the 
personnel  of  the  teaching  body. 

(2)  It  will  offer  advanced  instruction  in  every  department  of 
medicine  and  will  therefore  necessarily  adopt  an  elective  system  of 
some  sort,  since  the  amount  of  instruction  provided  will  be  far  more 
than  an}^  one  student  can  follow. 

(3)  The  laboratory  method  of  instruction  will  be  greatly  extended 
and  students  will  be  trained  to  get  their  knowledge,  as  far  as 
possible,  by  the  direct  study  of  nature,  but  the  didactic  lecture, 
though  reduced  in  importance,  will  not  be  displaced  from  its  posi- 
tion as  an  educational  agency. 

(4)  The  work  of  the  students  will  probably  be  so  arranged  that 
their  attention  will  be  concentrated  upon  one  principal  subject  at 
a  time  and  these  subjects  will  follow  each  other  in  a  natural  order. 

(5)  Examinations  will  be  so  conducted  as  to  afford  a  test  both  of 
the  faithfulness  with  which  a  student  performs  his  daily  work  and 
of  his  permanent  acquisition  of  medical  knowledge  fitting  him  to 
practice  his  profession. 

If  I  have  clothed  these  conclusions  in  the  language  of  prophecy, 
it  is  because  the  title  of  my  discourse  has  laid  this  necessity  upon 
me.  In  forecasting  the  immediate  future,  I  have  borne  in  mind 
the  history  of  the  immediate  past,  and  if  I  have  failed  to  read  aright 
the  indications  of  the  lines  on  which  our  medical  schools  are  to 
advance,  it  must  be  remembered  that  the  development  of  a  biologi- 
cal science  and  of  its  dependent  arts  not  infrequently  takes  place  in 
totally  unexpected  directions,  thus  introducing  into  the  path  of 
educational  progress  perturbations  which  may  well  defy  prediction. 
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